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ABSTRACT
Wild pigs (Sus scrofa), which are invasive in much of the world, can alter ecosystems
and compete with native species through interference competition and resource exploitation. We
assessed the potential for interspecific interactions between invasive wild pigs and other wildlife
in the Piedmont region of South Carolina by examining their spatiotemporal overlap in a
correlational field study and an experimental field study. Our correlational study used data from
wildlife cameras in seasonal occupancy, N-mixture, and temporal overlap analyses. Both deer
(Odocoileus virginianus) and coyote (Canis latrans) site use were negatively associated with
wild pig activity in the fall, when they had high temporal overlap, indicating spatial partitioning
could reduce interference competition with wild pigs in this season. Deer site use was positively
associated with wild pig activity in the winter, suggesting higher spatial overlap may be
necessary if resources are limited. These results highlight the importance of investigating
spatiotemporal overlap between wild pigs and other species over time, as the potential for
interactions likely changes with fluctuating resources. Special consideration should be given to
species in seasons where they have high niche overlap with wild pigs. We further assessed the
potential for interactions between wild pigs, deer, and coyotes by examining their responses to
supplemental feeding in the spring and summer, when we expected greater sensitivity to
competitive and predatory interactions due to rearing young. Using a stratified random sampling
design, we deployed 15 wildlife feeders paired with cameras across a gradient of wild pig site
use intensity, monitoring feeders unfilled for six weeks and then active for eight weeks. In
addition to assessing supplemental feeding effects on the relative and temporal activity of these
species, we used data from GPS-collared does and coyotes to examine space use in relation to
feed. Adult deer and wild pig relative activity increased with feed, were inversely related, and
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were juxtaposed by high temporal overlap. Fawns rarely visited feeders and had lower temporal
overlap with wild pigs, but showed increased evening activity at feeders. Resources were likely
abundant during this study, enabling spatial partitioning between deer and wild pigs, but overlap
at baited sites could change with more limited resources. Does did not discover feed outside of
their home range and coyotes did not show a spatial response to feed, but effects of supplemental
feeding on prey and predators should continue to be assessed, as predators could key in on
concentrated prey use of feed over time. By integrating correlational and experimental studies
across seasons, we can improve our knowledge of dynamic species interactions.

iii

ACKNOWLEDGMENTS
Thank you first and foremost to my advisor, David Jachowski, for bringing me onto this
project and for your invaluable mentoring and support throughout my graduate research. Thank
you to my other committee members, Greg Yarrow of Clemson University and John Kilgo of the
United States Forest Service Southern Research Station, for setting examples with your own
wildlife research and for your helpful feedback throughout my research. To my fiancé, Andy
Grunwald, I will forever appreciate your support during this project and beyond.
This project was funded and logistically supported by the South Carolina Department of
Natural Resources. I would particularly like to thank Charles Ruth, Jay Butfiloski, and Jay
Cantrell for their involvement and input in my research. I am also thankful to the many agency
personnel who assisted with deer captures, and to Rusty Johnson and Michelle Thompson, who
were essential to coyote captures.
Special thanks are also owed to the landowners and lessees who gave us land access,
most notably Stephen Davis, but also Todd Bailey, Wayne Davis, Tom Dowtin, John Calvin
Greer, David Guynn, John Haynes, John Langley, Andy Robinson, Dewey Sizemore, and Jimmy
Wall. I also thank individuals associated with Davis Land and Timber: Dessie Bower, Timothy
Burke, Steve Case, Charles Still, and Kent Walker. Dessie Bower and Timothy Burke provided
wild pig removal records, Charles Still provided forestry records, and Steve Case and Kent
Walker assisted with land access. Field housing was provided by Stephen Davis, with
maintenance provided by Davis Land and Timber, and the National Deer Association, through
the efforts of Shawn Fisher and Rick Counts.
This research would not have been possible without the hard work of our field
technicians: Alec Baker, Zoey Chapman, Mackenzie Clark, Andrew Jamison, Erin McDaniel,

iv

Alyssa Meier, Nathan Mooney, Elizabeth Nowlin, and Sara Westwood. Erin McDaniel and
Mackenzie Clark are owed particular thanks for their dedication to the wildlife cameras and
vegetation surveys, with Mackenzie also being instrumental in the wildlife feeder study. Andy
Grunwald also volunteered in the field with deer captures, wildlife camera maintenance, and
wildlife feeder deployment.
My project also would not have been possible without the assistance of numerous
individuals who collectively classified millions of wildlife camera photographs. Thank you to the
Clemson University Creative Inquiry Program and all of the undergraduate students involved in
it: Robert Mueller, Vanessa Patch, and Brinton Shinn assisted for three semesters; David Jen,
Sean Kiernan, Tangie McFee, Caroline Myers, Nicholas Sparano, and Kevin Stoner assisted for
two semesters; Austin Amick, Zoey Chapman, Dillon Harrison, Bridget Shupe, Evelyn Stephens,
Madaline Stephens, Jessica Trayhan, and Sara Westwood assisted for one semester. Tangie
McFee, Vanessa Patch, and Jessica Trayhan were also involved in the Summer CI Program, with
all three classifying photos and Tangie and Jessica also assisting in the field. Zoey Chapman and
Sara Westwood continued photo classification as technicians, with Zoey making all the
difference with the wildlife feeder study. Technicians Mackenzie Clark, Erin McDaniel, and
Elizabeth Nowlin also assisted with photo classification.
I am also grateful for the Fredrick W. Kinard, Jr. Scholarship and for the individuals who
selected me as the recipient. My research was further supported by Stephen Harris, who helped
with logistics, and Courtney Marneweck, who helped with analyses in my first chapter. Alex
Jensen and Mike Muthersbaugh assisted with research development, logistics, photo processing,
and analyses. They were great mentors to me and even greater friends. Thank you.

v

TABLE OF CONTENTS
Page
TITLE PAGE ................................................................................................................i
ABSTRACT ............................................................................................................... ii
ACKNOWLEDGMENTS ........................................................................................... iv
LIST OF TABLES ................................................................................................... viii
LIST OF FIGURES ..................................................................................................... x
CHAPTER
I.

SPATIOTEMPORAL OVERLAP BETWEEN WILD PIGS
AND OTHER WILDLIFE IN THE PIEDMONT REGION
OF SOUTH CAROLINA ...................................................................... 1
INTRODUCTION ...................................................................................... 1
METHODS................................................................................................. 4
Study Area ............................................................................................ 4
Data Collection ..................................................................................... 6
Analyses ............................................................................................... 8
RESULTS ................................................................................................ 11
Spatial ................................................................................................. 11
Temporal ............................................................................................ 14
DISCUSSION........................................................................................... 15
REFERENCES ......................................................................................... 19

II.

RELATIVE ACTIVITY, TEMPORAL OVERLAP, AND
SPACE USE OF LARGE MAMMALS IN RESPONSE
TO SUPPLEMENTAL FEEDING ...................................................... 50
INTRODUCTION .................................................................................... 50
METHODS............................................................................................... 55
Study Area .......................................................................................... 55
Data Collection ................................................................................... 56
Analyses ............................................................................................. 58
RESULTS ................................................................................................ 61
Relative Activity ................................................................................. 61
Temporal Overlap ............................................................................... 62
Space Use ........................................................................................... 63

vi

Table of Contents (Continued)
Page
DISCUSSION........................................................................................... 64
REFERENCES ......................................................................................... 68
APPENDICES ......................................................................................................... 111
A:
B:

Background on Invasive Wild Pigs ......................................................... 112
Seasonal Occupancy Model Ranking for Wild Pigs................................. 123

vii

LIST OF TABLES
Table

Page

1.1

Hypotheses and predictions for spatial overlap between
invasive wild pigs and other wildlife in the Piedmont
region of South Carolina .................................................................... 26

1.2

Hypotheses and predictions for temporal overlap between
invasive wild pigs and other wildlife in the Piedmont
region of South Carolina .................................................................... 27

1.3

Species diet categorization and predicted season(s) of highest
spatial overlap with omnivorous wild pigs........................................... 28

1.4

Detection and state (occupancy probability or expected
abundance) covariates used in either single-species
occupancy models or N-mixture models.............................................. 29

1.5

A priori candidate models for evaluating detection
probability (p) in either single-species occupancy models
with occupancy probability (ψ) held constant at 1 or
N-mixture models with expected abundance (λ) held
constant at 1. ....................................................................................... 30

1.6

A priori candidate models for evaluating either occupancy
probability (ψ) in single-species occupancy models or
expected abundance (λ) in N-mixture models ...................................... 31

1.7

Tabulation of samples available for use in occupancy or
N-mixture analysis and number of unique sites each
species was detected at ........................................................................ 32

1.8

The best predictors of detection probability (p) in occupancy .................... 33

1.9

The best buffer (in m) in which to estimate the effect of
Enhanced Vegetation Index (EVI) and days since last
known timber stand burn on occupancy probability (ψ) ....................... 34

1.10

The best predictors of occupancy probability (ψ) ...................................... 35

1.11

The best predictors of detection probability (p) in
N-mixture models ............................................................................... 37

viii

List of Tables (Continued)
Table

Page

1.12

The best buffer (in m) in which to estimate the effect of
Enhanced Vegetation Index (EVI) and days since last
known timber stand burn on predicted abundance (λ) .......................... 38

1.13

The best predictors of expected abundance (λ) .......................................... 39

1.14

Ranked a priori candidate models for evaluating predicted
site use (λ) by deer in the winter .......................................................... 40

1.15

Ranked a priori candidate models for evaluating predicted
site use (λ) by deer in the fall .............................................................. 41

1.16

Ranked a priori candidate models for evaluating predicted
site use (λ) by coyotes in the fall ......................................................... 42

1.17

Coefficient of overlap between wild pigs and other species ....................... 43

2.1

Hypotheses and predictions for large mammal relative
activity, temporal overlap, and space use in relation to
supplemental feeding .......................................................................... 76

2.2

Descriptions of variables used in generalized linear mixed
models (GLMMs) evaluating the effects of interspecific
site use and supplemental feed availability on the relative
activity of large mammals at wildlife feeders ...................................... 77

2.3

A priori candidate models for evaluating the relative activity
of deer at wildlife feeders .................................................................... 78

2.4

A priori candidate models for evaluating the relative activity
of wild pigs at wildlife feeders ............................................................ 79

2.5

Ranked a priori candidate models for evaluating the effects
of interspecific site use and supplemental feed availability
on deer relative activity ....................................................................... 80

2.6

Ranked a priori candidate models for evaluating the effects
of interspecific site use and supplemental feed availability
on wild pig relative activity ................................................................. 81

2.7

Coefficients of overlap between bucks, does, fawns,
and wild pigs....................................................................................... 82
ix

LIST OF FIGURES
Figure

Page

1.1

Map of the study area and wildlife camera grid ......................................... 44

1.2

Relationship between predicted deer site use (deer per site)
and wild pig activity (average detections per sampling
occasion) over 14 days in the winter.................................................... 45

1.3

Relationship between predicted deer site use (deer per site)
and wild pig activity (average detections per sampling
occasion) over 14 days in the fall ........................................................ 46

1.4

Relationship between predicted coyote site use (coyotes per site)
and wild pig activity (average detections per sampling
occasion) over 14 days in the fall ........................................................ 47

1.5

Diel activity overlap between deer and wild pigs in winter,
spring, summer, and fall ...................................................................... 48

1.6

Fall diel activity overlap between coyotes and wild pig ............................. 49

2.1

Map of the study area and wildlife camera grid ......................................... 83

2.2

Wildlife feeder placement in relation to unbaited
wildlife cameras .................................................................................. 84

2.3

Deer and wild pig relative activity at each wildlife feeder ......................... 85

2.4

The relationship between deer relative activity and
corn availability .................................................................................. 86

2.5

The relationship between wild pig relative activity and
corn availability .................................................................................. 87

2.6

Predicted effect of wild pig relative activity on deer relative
activity in the presence of supplemental feed....................................... 88

2.7

Predicted effect of deer relative activity on wild pig relative
activity in the presence of supplemental feed....................................... 89

2.8

Overlap in diel activity between bucks at unbaited sites
and baited sites ………………………………………………… .......... 90

x

List of Figures (Continued)
Figure

Page

2.9

Overlap in diel activity between does at unbaited sites
and baited sites .................................................................................... 91

2.10

Overlap in diel activity between fawns at unbaited sites
and baited sites .................................................................................... 92

2.11

Overlap in diel activity between wild pigs at unbaited sites
and baited sites .................................................................................... 93

2.12

Overlap in diel activity between bucks and does at
unbaited sites ...................................................................................... 94

2.13

Overlap in diel activity between bucks and fawns at
unbaited sites ...................................................................................... 95

2.14

Overlap in diel activity between bucks and wild pigs at
unbaited sites ...................................................................................... 96

2.15

Overlap in diel activity between does and fawns at
unbaited sites ...................................................................................... 97

2.16

Overlap in diel activity between does and wild pigs at
unbaited sites ...................................................................................... 98

2.17

Overlap in diel activity between fawns and wild pigs at
unbaited sites ...................................................................................... 99

2.18

Overlap in diel activity between bucks and does at
baited sites ........................................................................................ 100

2.19

Overlap in diel activity between bucks and fawns at
baited sites ........................................................................................ 101

2.20

Overlap in diel activity between bucks and wild pigs at
baited sites ........................................................................................ 102

2.21

Overlap in diel activity between does and fawns at
unbaited sites .................................................................................... 103

2.22

Overlap in diel activity between does and wild pigs at
baited sites ........................................................................................ 104

xi

List of Figures (Continued)
Figure

Page

2.23

Overlap in diel activity between fawns and wild pigs at
baited sites ........................................................................................ 105

2.24

Median home range size (ha) over six weeks of 10 coyotes
with an active wildlife feeder in their home range (Feeder)
and five coyotes without an active wildlife feeder in
their home range (No Feeder) ............................................................ 106

2.25

Median distance from core area to nearest wildlife feeder (m)
for 10 coyotes over six weeks of active wildlife
feeders (Baited) and six weeks of unfilled wildlife
feeders (Unbaited). ............................................................................ 107

2.26

Median core area size (ha) of 10 coyotes over six weeks
of active wildlife feeders (Baited) and six weeks of
unfilled wildlife feeders (Unbaited). .................................................. 108

2.27

Median home range size (ha) of 10 coyotes over six weeks
of active wildlife feeders (Baited) and six weeks of
unfilled wildlife feeders (Unbaited) ................................................... 109

2.28

Wild pig sows and piglets at active wildlife feeders;
doe and fawn at an unfilled wildlife feeder and active
wildlife feeder ................................................................................... 110

xii

CHAPTER ONE
SPATIOTEMPORAL OVERLAP BETWEEN WILD PIGS AND OTHER WILDLIFE
IN THE PIEDMONT REGION OF SOUTH CAROLINA
INTRODUCTION
Wild pigs (Sus scrofa), which are capable of altering abiotic, biotic, and structural
components of ecosystems, may impact other species through various means (Appendix A). Not
only can they directly reduce the abilities of other animals to obtain important resources through
aggressive interference competition (Taylor and Hellgren 1997, Osugi et al. 2019), but wild pigs
can also indirectly compete with other species through resource exploitation, either by destroying
habitat with their rooting behavior or consuming shared resources (Singer et al. 1984, Yarrow
1987, Sweitzer and Van Vuren 2002). While their diet is dominated by plant matter, wild pigs
also consume invertebrates and small vertebrates while rooting, scavenge carrion, and prey on
eggs and a diversity of taxa, all of which reduce food sources for other animals (Ballari and
Barrios-García 2014). Considering wild pig impacts may be more pronounced outside their
native range in northern Africa and Eurasia, there is a need for research examining species
responses to wild pig introduction. Assessing competitive interactions between invasive wild
pigs and other wildlife is essential for achieving effective management and conservation.
Both direct and indirect competition with wild pigs could displace animals (BarriosGarcía and Ballari 2012, McDonough et al. 2022), or they may reduce spatiotemporal overlap
with wild pigs to avoid competition (Perez Carusi et al. 2017). Further, the potential for
competition due to niche overlap can change across spatiotemporal scales based on the resource
selection of the species involved (Crombie 1947). Examining shared space use between invasive
wild pigs and other species is therefore a key step in identifying where interspecific competition
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may occur. Ivey et al. (2019) found that species richness in the Mississippi Alluvial Valley was
26% lower in forest fragments with wild pigs than fragments without wild pigs. Hegel et al.
(2019) likewise found lower species richness in Brazilian Atlantic Forest sites occupied by wild
pigs than those unoccupied by wild pigs. Sites with wild pig presence also had lower species
occurrence and occupancy probability decreased for several species, but native mammal
occupancy was not conditional on wild pig presence (Hegel et al. 2019). In coastal Argentina,
endangered pampas deer (Ozotoceros bezoarticus) appeared to avoid wild pigs at the landscape
scale. Where they spatially overlapped, pampas deer increased vigilance and displayed alarm
reactions when in close proximity to wild pigs, but fed and rested more when further away
(Perez Carusi et al. 2017). Gabor et al. (2001) found that collared peccaries (Pecari tajacu) and
wild pigs in Texas had higher overlap at the home range scale than at the microhabitat scale,
suggesting habitat partitioning within shared home ranges may compensate for overlap in diet
and temporal activity.
Temporal partitioning itself can serve as a mechanism for reducing interference
competition between sympatric species through nonsynchronous spatial overlap (Schoener
1974). Species can adjust their activity patterns over daily, seasonal, and annual time periods,
reflecting biological needs, environmental conditions, and changes in resource availability. In
Japan, wild pig presence impacted the feeding behavior of badgers (Meles meles) and raccoon
dogs (Nyctereutes procyonoides) under cherry trees: badgers partially shifted the time of day
when they fed and reduced feeding time per visit, while raccoon dogs shifted both temporally
and spatially, feeding at different times and utilizing trees infrequently visited by wild pigs
(Osugi et al. 2019). Galetti et al. (2015) examined suiform interactions in the Brazilian Pantanal
and found that white-lipped peccaries (Tayassu pecari) altered their daily foraging time to limit
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interactions with wild pigs, but collared peccaries shifted to overlapping with them more, likely
in avoidance of white-lipped peccaries. In southern Texas, collared peccaries and wild pigs
partitioned resources across space, time, and diet, with higher seasonal overlap in one niche
dimension balanced by lower overlap in another (Ilse and Hellgren 1995).
Wild pig diet varies seasonally based on available resources, so the potential for
competition between wild pigs and other species could change throughout the year. Across their
range in North America, invasive wild pigs have been documented consuming grasses, forbs,
fruits, underground plant parts, invertebrates, and vertebrates in all seasons. Although there is
geographical variation, grasses and forbs tend to be the greatest component in spring and early
summer, so indirect competition with small herbivores and their predators may be greatest then.
Soft and hard mast tend to be the greatest component in the diet of wild pigs when available
(Henry and Conley 1972, Everitt and Alaniz 1980, Wood and Roark 1980, Baber and Coblentz
1987, Yarrow 1987, Taylor and Hellgren 1997), so competition with mast consumers may be
greatest in the summer through winter months. Both indirect and direct competition could
particularly occur when a pulse resource with patchy distribution is available (Yarrow 1987,
Elston and Hewitt 2010). After experimentally comparing hard mast consumption between wild
pigs and several species, Elston and Hewitt (2010) concluded that the relatively high wild pig
rate of intake and their ability to displace other animals from feeding sites should render them
effective competitors. Underground plant parts and animal matter play larger roles in their diet
when aboveground food is scarcer in the fall and winter (Barrett 1982, Taylor and Hellgren
1997, Ballari and Barrios-García 2014), so competition with omnivores may be higher in these
seasons. Examining spatiotemporal overlap between wild pigs and other species on a seasonal
scale can more thoroughly identify where competition may occur or is already occurring.
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Our goal was to provide a greater understanding of invasive wild pig interactions with
other species in the Piedmont region of South Carolina. Our study objectives were to evaluate
patterns of spatial overlap (Table 1.1) and examine if potential interactions are mediated by
temporal partitioning (Table 1.2). We hypothesized that spatial overlap between wild pigs and
other species is influenced by wild pig relative activity (Gabor et al. 2001, Melberg 2012),
predicting that site use by other species is greater in areas of low wild pig activity than areas of
high wild pig activity. We further hypothesized that spatial overlap varies seasonally, reflecting
changes in environmental conditions and resource availability (Ilse and Hellgren 1995, Gabor et
al. 2001). Specifically, we predicted that spatial overlap between a given species and wild pig is
greater in seasons with high dietary overlap (Table 1.3). Lastly, we hypothesized that spatial
overlap is mediated by temporal partitioning in diel activity (Schoener 1974, Carothers and
Jaksić 1984, Galetti et al. 2015, Osugi et al. 2019). By providing insight into spatiotemporal
overlap between wild pigs and other species, results from this study can inform wild pig
management in South Carolina and guide future studies on interspecific interactions.
METHODS
Study Area
Our study occurred on approximately 6,100 ha of nearly contiguous private land in the
Piedmont of South Carolina (Figure 1.1). This physiographic region is characterized by gently
rolling terrain between the Blue Ridge and Coastal Plain provinces. Elevation on the study area
ranges from approximately 120 to 180 m and average monthly temperature for the area ranges
from 6.2 to 27.2° C, with an annual mean of 16.9° C. The climate is subtropical, receiving an
average of 119.5 cm of annual precipitation. Red clay, followed by sandy loam, are the primary
soil types. Much of the habitat was historically savanna, which was grazed by bison (Bison
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bison; McCormick County Chamber of Commerce 2022) and inhabited and likely managed by
Native Americans, potentially including the Yamassee, Cherokee, Yuchi, Shawnee, Chickasaw,
Apalachee, and Westo (Gallay 2002, Cobb and Depratter 2012, Native Land 2022). Savanna
conversion to cotton (Gossypium sp.) and tobacco (Nicotiana tabacum) began in the late 1700s
and these crops were tended by slaves (McCormick County Chamber of Commerce 2022). The
area today mainly consists of loblolly pine (Pinus taeda) in various stages of ecological
succession, with management practices including thinning, clearcutting, and prescribed burning.
Pines are interspersed in areas with hardwoods, especially hickory (Carya spp.), white oak
(Quercus alba), and southern red oak (Q. falcata). Notable soft mast includes persimmon
(Diospyros virginiana), blackberry (Rubus alleghensis), and muscadine (Vitus rotundifolia).
The occurrence of fields for small game species and planted food plots for white-tailed
deer (Odocoileus virginianus) are associated with hunting on the property. Deer archery hunting
season began mid-September and gun season began approximately mid-October, with both
seasons going through December. Wild turkey (Meleagris gallopavo) hunting also occurred from
the beginning of April through mid-May. Nonnative wild pigs were recorded in McCormick
County before 2005 (South Carolina Wild Hog Task Force) and continue to spread to new areas,
despite over 10 years of control efforts in the county (J. Cumbee, United States Department of
Agriculture Animal and Plant Health Inspection Service, pers. comm.). Wild pigs are
occasionally shot on sight or captured in box traps, with approximately 135 being removed
during our study (D. Bower and T. Burke, Davis Land and Timber, pers. comm.). The coyote
(Canis latrans) is also a relatively novel species, having spread across the state since its arrival in
1978 (Ruth 2010). Other predators in the study area are bobcat (Lynx rufus), red fox (Vulpes
vulpes), and gray fox (Urocyon cinereoargenteus). Smaller mesocarnivores include raccoon
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(Procyon lotor), striped skunk (Mephitis mephitis), and Virginia opossum (Didelphis virginiana).
Some other mammals present are rabbits (Sylvilagus spp.), squirrels (Sciurus spp. and
Glaucomys volans), hispid cotton rat (Sigmodon hispidus), and eastern woodrat (Neotoma
floridana). The nine-banded armadillo (Dasypus novemcinctus) has also expanded from its
native range into the study area.
Data Collection
We used a grid sampling design to survey for wild pigs and other species with wildlife
cameras. We designated the center point of each square kilometer in our study area with the
Create Fishnet tool in ArcGIS 10.6 (Esri, Redlands, CA) and deployed cameras on unpaved
access roads as close to these center points as possible (Figure 1.1). We mounted 93 Bushnell
Trophy Cam HD Aggressor No Glow cameras (Bushnell Corporation, Overland Park, KS)
approximately 50-80 cm off the ground, depending on the field of view, either to a tree or t-post.
Animal detection was maximized by aiming cameras at an approximately 45° angle down a
single road or at the center of an intersection, ideally facing north or south to avoid sun flare
during sunrise and sunset. We set infrared sensors to the finest detection window possible,
capturing one photo every 0.6 seconds until detection ceased. We checked cameras every one to
three months and prioritized those prone to false triggers by vegetation blowing in the wind or
shadows moving across the ground. Individual cameras occasionally needed to be removed for
timber harvests, but we redeployed them in the same location once harvest operations ceased. If
the initial camera mount was no longer available, we found a new tree or added a new t-post. We
surveyed from spring 2019 to July 2021, but for this study we specifically used survey periods of
two weeks in winter, spring, summer, and fall 2020 (the first 14 days of February, May, August,
and November, respectively).
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We documented several vegetation characteristics in the field at each camera site over the
course of our study (Table 1.4). We recorded the primary vegetation class (non-forested, pine,
hardwood, or mixed vegetation classes) within 50 m in spring 2020. We estimated the average
distance at which each camera could detect subjects without vegetative obstruction in spring
2020, fall 2020, and spring 2021 by placing a rangefinder over each camera and recording the
distance in meters at five designated angles that were later averaged and capped at a maximum
distance based on camera model specifications. We estimated overstory density with a concave
densiometer and vegetation density with a vegetation profile board (Nudds 1977) during fall
2020 and spring 2021. We also obtained several site-specific and sampling occasion
characteristics remotely (Table 1.4). We used the ‘rgee’ package (Aybar et al. 2020) in the R
software environment (R Core Team 2021) to calculate average Enhanced Vegetation Index
(EVI) within 150, 250, and 500 m buffers for each survey period with the MOD13Q1.006 Terra
Vegetation Indices 16-Day Global 250m images. We used a combination of forestry records, R
software (R Core Team 2021), and ArcGIS Pro 2.8.6 (Esri, Redlands, CA) to account for recent
prescribed burns, calculating the number of days since the last known timber stand burn within
150, 250, and 500 m buffers. When there were no records of a recent burn within the buffers, we
assigned a date approximating the start of field work. We used the Breaklines data from the
South Carolina Department of Natural Resources LiDAR Hydrolines database and the Statewide
Highways data from the South Carolina Department of Transportation to calculate distance to
nearest water feature and distance to nearest paved road in ArcGIS Pro 2.8.6 (Esri, Redlands,
CA) with the Near tool. We obtained daily precipitation and daily high temperature records for
the nearby town of McCormick from the National Centers for Environmental Information

7

(National Oceanic and Atmospheric Administration). We calculated daily moon phase with the
‘suncalc’ package (Thieurmel and Elmarhraoui 2019) in R (R Core Team 2021).
Analyses
Spatial
To estimate seasonal spatial overlap between wild pigs and other species, we fit singlespecies occupancy models for species detected at < 70% of sites in a season and N-mixture
models for species detected at > 70% of sites in a season. We restricted our analyses to species
that were photographed at a minimum of three sites in all four seasons. We followed the
parameterization of MacKenzie et al. (2002) for occupancy analyses and fit the N-mixture model
of Royle (2004). We used model selection based on the Akaike Information Criterion (Akaike
1974) adjusted for small sample sizes (AICc; Hurvich and Tsai 1989) to examine the relative
importance of all models within a candidate set (Burnham and Anderson 2002). For each of the
four survey periods, we sampled data from cameras that were active for at least three nights,
classifying photographs according to species with digiKam (digiKam Team 2019), Timelapse2
(Greenberg 2016), and Wildlife Insights Beta (https://www.wildlifeinsights.org/home). We
compiled species detection histories with sampling occasions of daily intervals using the
‘camtrapR’ package (Niedballa et al. 2016). For occupancy analyses the software recorded a 1 if
a species was photographed at least once at a site during a sampling occasion (24 hours),
whereas it recorded a 0 if a species was not photographed at a site during the sampling occasion.
For N-mixture models we considered photographic detections of the same species separated by
at least 30 minutes to be independent detection events, whereby the software counted the number
of detections at a site during a 24-hour sampling occasion. We also used human detections per
sampling occasion as a metric for human activity at each site, average wild pig detections per
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sampling occasion as a metric for potential interspecific competition, and average coyote
detections per sampling occasion as a metric for predation risk. We screened covariates for
collinearity using nonparametric Spearman’s rank correlation and the variance inflation factor
(VIF), with cutoffs of r = |0.7| and VIF = 3. All pairwise comparisons produced values below
these cutoffs, with one exception: moon phase and daily high temperature were positively
correlated during our fall survey period. We retained both covariates in our initial analyses, but
did not include them in the same models. All continuous covariates were centered and scaled to
mean = 0 and standard error = 1 to facilitate comparison of their effects.
We developed a set of six a priori detection models containing a null model and five
models representing alternative hypotheses concerning environmental factors and site
characteristics (Table 1.5). We then developed a set of a priori occupancy models containing a
null model, a global model, and 12 models (11 for coyotes and wild pigs) representing
alternative hypotheses concerning local vegetation characteristics, landscape characteristics, and
interspecific interactions (Table 1.6). We estimated the seasonal site use of each species in three
steps with either occupancy or N-mixture models in the ‘unmarked’ package (Fiske and
Chandler 2011). In the first step, we evaluated the effects of our detection covariates on detection
probability (p) while holding occupancy probability (ψ) or expected abundance (λ) constant at a
value of 1. We performed model selection based on AICc with the ‘MuMIn’ package (Bartoń
2020) and considered models with ΔAICc < 2 and more weight than the null model to be
competitive and better supported relative to models with ΔAICc ≥ 2 and less weight than the null
model. When the null model was the top model, we held detection probability (p) constant in the
following steps. In the second step, covariates from the top detection models were included in
occupancy or N-mixture models to determine the most suitable buffer sizes (150, 250, and 500
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m) at which to examine the effects of EVI and days since last burn on occupancy probability or
expected abundance. These models were once again ranked according to ΔAICc and the buffer
size with the most weight was included in the final modeling step, along with the most suitable
detection covariate(s) from the first step. In the third step, we ran all of the occupancy or Nmixture models in our candidate set (Table 1.6) and ranked these models predicting occupancy
probability (ψ) or expected abundance (λ) according to ΔAICc, once again considering models
with ΔAICc < 2 and more weight than the null model to be competitive and better supported
relative to the remaining models. In all three steps we omitted models that produced errors or
failed to converge from model selection.
We relaxed the assumption that sampling units were closed to changes in occupancy or
abundance during the survey period because the home ranges of wild pigs, deer, and carnivorous
species most likely encompassed several camera sites. We instead interpreted detection
probability as the probability a species was both present and detected (MacKenzie et al. 2004),
occupancy probability as the probability of site use, and expected abundance as predicted site
use. We assessed the significance of covariate effects with 95% confidence intervals and
considered intervals not overlapping zero an indication of statistical significance. We conducted
all analyses in R (R Core Team 2021).
Temporal
We investigated temporal partitioning between invasive wild pigs and other species by
examining overlap in their daily activity patterns. We conducted separate analyses for each
season, with survey periods matching those of our occupancy or N-mixture analyses (the first 14
days of February, May, August, and November of 2020). Using the kernel density estimation
developed by Ridout and Linkie (2009), we first described the diel activity distribution of each
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species that was included in spatial analysis. We considered photographic detections of the same
species separated by at least 30 minutes to be independent samples of the underlying continuous
activity of that species. We converted the vector of detection times into radians and estimated
activity over 24 hours as a probability density function (Ridout and Linkie 2009). We then did
pairwise comparisons between wild pigs and each species by overlaying their activity patterns.
Measuring the area formed under the curve by taking the minimum of the two density estimates
at every time point yielded the coefficient of overlap (Δ), which ranges from 0 (no overlap in
̂1 estimator in all pairings because
activity) to 1 (complete overlap in activity). We used the Δ
wild pigs had less than 50 detections in each season. We obtained confidence intervals with
10,000 smoothed bootstrap samples and considered a lack of overlap between season confidence
intervals an indication of statistical significance. All analyses were done with the ‘overlap’
package (Meredith and Ridout 2018) in R (R Core Team 2021).
RESULTS
Spatial
Seventy-nine cameras were active for at least three nights in the winter survey period, 78
were in spring, 88 were in summer, and 81 were in fall. There was a total of 1,106 trap nights in
winter, 1,040 in spring, 1,198 in summer, and 1,132 in fall. We detected rabbit, bobcat, red fox,
gray fox, raccoon, striped skunk, Virginia opossum, fox squirrel (Sciurus niger), gray squirrel
(Sciurus carolinensis), nine-banded armadillo, wild pig, and wild turkey at < 70% of active
camera sites in all four survey periods (Table 1.7). Red fox, striped skunk, Virginia opossum,
and fox squirrel were not detected at a minimum of three sites in all survey periods, thus they
were excluded from further analysis. We detected white-tailed deer and coyote at > 70% of

11

active camera sites in all four survey periods (Table 1.7) and therefore used N-mixture models to
examine their predicted site use.
Probability of Site Use
Covariates carried forward from the top detection models in the first step of our
occupancy modeling approach varied by season for each species except raccoons, which did not
have any statistically significant covariates (Table 1.8). Rabbit probability of detection was
negatively affected by precipitation, average camera detection distance, and daily high
temperature (Table 1.8). Bobcat probability of detection increased with increasing moon phase
and human activity, but was negatively affected by camera detection distance (Table 1.8). Daily
high temperature negatively affected gray fox detection in the fall, whereas it positively affected
armadillo detection in this season (Table 1.8). Gray squirrel detection in the winter was
negatively affected by precipitation (Table 1.8). Turkey detection increased with increasing
camera detection distance in the winter (Table 1.8). Wild pig probability of detection was
positively affected by moon phase, camera detection distance, and human activity (Table 1.8).
The best buffer in which to estimate the effects of EVI and days since last known timber stand
burn also varied, with the exception of the best buffer for estimating the effect of days since last
burn on wild pigs, which was 150 m in all seasons (Table 1.9). The best predictors of probability
of site use (ψ) also varied by season (Table 1.10). For wild pigs, the top predictive model during
winter included days since last burn, distance to water, and distance to paved road (Table 1.10,
Table B1). The top model in spring contained distance to water (Table 1.10, Table B2) and the
top model in summer contained EVI within 150 m (Table 1.10, Table B3). None of these models
had covariates with statistically significant effects and the null model was the top model in the
fall (Table 1.10, Table B4).
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With the exception of gray fox and turkey, wild pig activity was in at least one top model
for all species, although its effects were not significant. Rabbit probability of site use was
positively associated with understory density and EVI within 150 m in the winter, understory
density in the spring, and time since last burn within 250 m in the summer. There were no
significant predictors in the fall (Table 1.10). Bobcat probability of site use increased with
understory density in all seasons except the fall, when there were no significant predictors. It also
increased with EVI within 500 m and coyote activity in the spring (Table 1.10). Gray fox was
only significantly affected by distance to paved road in the winter and fall, with probability of
site use decreasing with increased distance (Table 1.10). Raccoon site use was only significantly
influenced by distance to water in the summer, with use decreasing further from water (Table
1.10). Gray squirrel site use was associated with dense overstory in the spring and summer
(Table 1.10), with no significant predictors in the winter and fall. The only significant predictor
of armadillo site use was EVI within 500 m in the fall (Table 1.10). Probability of site use for
turkeys decreased with distance to paved road, but only in the summer (Table 1.10).
Predicted Site Use
Covariates carried forward from the top detection models in the first step of our Nmixture modeling approach varied by season for both deer and coyotes. Top deer models
included average camera detection distance, precipitation, moon phase, and daily high
temperature, while top coyote models only included moon phase and precipitation (Table 1.11).
The best buffer in which to estimate the effects of EVI and days since last known timber stand
burn varied by season and species (Table 1.12), as did the top models for predicting site use (λ;
Tables 1.14-1.16). Deer predicted site use in winter was positively associated with wild pig
activity (Figure 1.2) and EVI within a 500 m buffer (Table 1.13). It was negatively influenced by

13

increasing distance to water in both the spring and fall, and negatively influenced by increasing
distance to paved road in all seasons except winter (Table 1.13). In the fall, we also observed a
negative effect of wild pig activity on predicted deer site use (Figure 1.3) and significant
influences of habitat characteristics: site use was predicted to be higher in both non-forested
areas and habitats with less understory density and greater overstory density (Table 1.13).
Coyote site use in the winter was predicted to be higher in non-forested habitats and was
negatively associated with forests, whereas in the spring coyote site use was positively associated
with pine forest (Table 1.13). Coyotes were once again predicted to have higher site use in nonforested habitats in summer, and were positively associated with time since last burn within a
500 m buffer and increasing distance to paved road (Table 1.13). In the fall, coyote predicted site
use increased with increasing understory density and distance to paved road, but was negatively
associated with wild pig activity (Table 1.13, Figure 1.4).
Temporal
Wild pigs showed a crepuscular diel activity pattern in spring and mostly nocturnal
patterns in all other seasons (Figure 1.5). Rabbits showed a mostly nocturnal pattern in spring
and nocturnal patterns in all other seasons. Deer activity was mostly crepuscular in all seasons
(Figure 1.5). Bobcat activity was nocturnal in winter and summer and mostly nocturnal in spring
and fall. Coyotes (Figure 1.6), gray foxes, raccoons, and armadillos were nocturnal in all
seasons. Gray squirrels and turkeys were diurnal in all seasons, resulting in low temporal overlap
between these species and wild pig across seasons (Table 1.17). Coefficient of overlap values
were similar across seasons for many species and we did not consider any differences
statistically significant since all bootstrapped confidence intervals overlapped zero (Table 1.17).
We expected deer to be more responsive to wild pig activity given dietary overlap, and their
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temporal overlap with wild pigs in the winter was nearly significantly lower than in other
seasons (Table 1.17, Figure 1.5).
DISCUSSION
Spatial overlap between most species and invasive wild pigs appeared to vary across our
survey periods and was often in juxtaposition with temporal overlap, which could signal seasonal
avoidance of wild pigs on different niche dimensions (MacArthur and Levins 1967, Schoener
1974, Ilse and Hellgren 1995). Our results suggest deer and coyotes seasonally avoid wild pigs,
where deer site use was positively associated with wild pig activity in the winter, but both deer
and coyote site use were negatively associated with it in the fall. These species had high diel
activity overlap with wild pigs in the fall, so they may have spatially partitioned in this season to
avoid interactions. Previous studies have found support for ungulate spatial avoidance of
invasive wild pigs (Gabor et al. 2001, Perez Carusi et al. 2017), suggesting that spatial
partitioning may compensate for similarity in other niche dimensions, such as diet and temporal
activity (Schoener 1974, Ilse and Hellgren 1995). Conversely, ungulates sympatric with wild
pigs have been shown to adjust their temporal activity to avoid competition (Ilse and Hellgren
1995, Galetti et al. 2015). Deer in our study area appeared to have more moderate diel activity
overlap with wild pigs in the winter relative to other seasons and, despite this difference not
being statistically significant, this could have mediated higher spatial overlap in the winter. Our
results collectively show that space use in relation to wild pig activity varies by species, can
contrast with wild pig temporal overlap, and may change across seasons.
The negative relationship between wild pig activity and predicted deer site use in the fall
suggests deer avoided areas where wild pigs were most active in this season. It may be that wild
pigs outcompeted deer for limited hard mast, excluding them through interference competition
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(Yarrow 1987, Elston and Hewitt 2010), or conversely, hard mast may have been more broadly
distributed than we expected, enabling the species to coexist through spatial partitioning.
Contrastingly, deer site use and wild pig activity were positively associated in winter, when
resources such as food and vegetative cover were likely more limited, necessitating higher spatial
overlap. Deer captures took place in this season, with baiting resulting in a patchily distributed,
rapidly renewed resource, and wild pigs were observed feeding at certain baited sites with high
deer use (A. Jamison, Clemson University, pers. comm.). Although our wildlife cameras were
unbaited, deer and wild pig spatial activity might have been altered in areas beyond baited sites.
Interference competition for limited resources in the winter may have been minimized by
nonsynchronous spatial overlap (Crombie 1947, MacArthur and Levins 1967, Schoener 1974,
Carothers and Jaksić 1984), with lower temporal overlap relative to other seasons occurring on a
finer scale than diel activity overlap. Such changes in spatiotemporal niche partitioning between
deer and wild pigs may have been driven by changes in resource availability.
In contrast to previous findings that suggest a positive spatial association between
coyotes and wild pigs (O’Brien et al. 2019), we found a negative association between coyote
predicted site use and wild pig activity in the fall. While Keiter et al. (2017) and Chinn et al.
(2021) documented fairly low coyote predation on piglets and juveniles, coyotes have shown
numerical responses to increases in wild pigs (Stevens 1996), implying coyote populations can
benefit from them (VerCauteren et al. 2020). Coyotes should thus key in on and potentially
increase spatial overlap with wild pigs, but this suggested predation benefit was not apparent in
our study area. Wild pig was a very small coyote dietary component across seasons in a
preliminary coyote scat analysis, whereas deer was a substantial component across seasons (A.
Jensen, Clemson University, pers. comm.). Coyote site use in the fall may therefore be driven
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more by deer site use, in which case the negative relationship between wild pig activity and
coyote site use may be an artifact of deer avoiding wild pigs. Taking our preliminary knowledge
of coyote diet in our study area into consideration, our results suggest that spatial overlap with
wild pigs does not confer a benefit to coyotes in the fall and may even be disadvantageous.
Seasonal resource partitioning between wild pigs and our other study species may occur
on different spatiotemporal scales and niche dimensions than we examined, is likely specific to
each species, and may change over time according to environmental conditions and resource
availability. Although not statistically significant, wild pig relative activity appeared to influence
probability of site use for rabbits, bobcats, raccoons, gray squirrels, and armadillos, but only in
certain seasons. Our expectation of a positive relationship between dietary niche overlap and
spatial overlap was not always met, and the direction of the relationship was inconsistent for
rabbits and bobcats. Resource availability can affect diet selection and influence habitat use
(Birch 1957, Colwell and Futuyma 1971), so quantifying the amount of soft and hard mast
surrounding each camera site would be an important step towards understanding mechanisms for
competition. Without data on the availability of shared resources, we can examine the potential
for interactions between wild pigs and other species, but we cannot determine if competition is
occurring. Experimental studies involving food manipulation could help elucidate the effects of
wild pigs on other wildlife.
Although the effect of wild pig activity on rabbit, bobcat, raccoon, gray squirrel, and
armadillo site use was not statistically significant, responses by these species to wild pigs could
present at finer scales. We calculated average wild pig relative activity over two weeks, though
probability of site use may be dynamic and determined on shorter time scales. Relative activity is
influenced by abundance (Sollmann 2018), but does not explicitly account for the number of
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individuals present, which might skew results when studying a social species like wild pig
(Gabor et al. 1999, Sparklin et al. 2009, Kilgo et al. 2021). Accounting for abundance with Nmixture models or other analyses, instead of relying on presence data with occupancy models,
could also provide more insight on wild pig impacts to other species. Indeed, we observed
significant effects of wild pig activity on deer and coyote predicted site use (λ), but did not
observe significant effects on probability of site use (ψ), despite wild pig activity being in at least
one top model for many species. It may be that wild pig density in our study area is not yet high
enough to significantly affect most species. It is also possible our results were influenced by wild
pig harvest and removal efforts, as forty were removed across the study area in 2019 and there
was low detection in the first half of 2020, despite only a sow and boar being removed during
that time. However, wild pig detections and the number of sites they occurred at were greater in
the second half of 2020, even though removal efforts increased during that time. This leads us to
believe wild pig removal had a negligible impact on other species, though we cannot rule out
changes in wild pig space use in response to removal. Wild pig space use, along with deer space
use, could also be affected by hunting pressure in the fall. Further research is needed on the
effects of wild pig control efforts and deer hunting pressure on animal resource selection and
community dynamics.
Our study demonstrates how the potential for competition between invasive wild pigs and
other species can vary across seasons, which has important implications for the management of
wild pigs and conservation of native wildlife. We found seasonal support for spatial partitioning,
which could limit interference competition or resource exploitation: deer and coyotes in the
Piedmont region reduced spatial overlap with wild pigs in the fall, when we observed high diel
activity overlap with wild pigs and expected high dietary overlap between the ungulates. If
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spatial overlap is necessary for acquiring limited resources, then interference competition could
instead be offset by temporal partitioning (Carothers and Jaksić 1984), as may have been the case
for deer and wild pigs in our winter survey period. Competition with wild pigs might not have
lasting effects if resource abundance fluctuates on short time scales, but if wild pig impacts are
high in certain seasons or if they outcompete other animals for extended time, this could
potentially contribute to the decline of native species populations (Perez Carusi et al. 2017).
Even where competition does not currently exist, wild pig alteration of abiotic, biotic, and
structural ecosystem components could still affect other species in the long term (Singer et al.
1984). Our research not only contributes to the limited knowledge of potential species
interactions with wild pigs outside of their native range, but also highlights the importance of
investigating spatiotemporal overlap between wild pigs and other wildlife over time, giving
particular consideration to species in seasons where they have high niche overlap with wild pigs.
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TABLES
Table 1.1. Hypotheses and predictions for spatial overlap between invasive wild pigs and other
wildlife in the Piedmont region of South Carolina.
Hypothesis

Supporting Literature

Spatial overlap between a
species and invasive wild pig
is influenced by wild pig
relative activity

Gabor et al. 2001

Spatial overlap between a
species and invasive wild pig
varies seasonally, reflecting
changes in environmental
conditions and resource
availability

Ilse and Hellgren 1995

Melberg 2012

Gabor et al. 2001
O’Brien et al. 2019
Yarrow 1987

Prediction(s)
1. Spatial overlap between a
species and wild pig is greater
in areas of low wild pig
activity than in areas of high
wild pig activity
1. Spatial overlap between
small herbivores and wild pig
is greatest in the spring,
reflecting the early growth
stage of grasses and forbs
2. Spatial overlap between
large herbivores and wild pig
is greatest in the fall, reflecting
hard mast availability
3. Spatial overlap between
omnivores and wild pig is
greatest in the fall, reflecting
hard mast availability
4. Spatial overlap between
small mesocarnivores and wild
pig is greatest in the summer
and fall, reflecting mast
availability
5. Spatial overlap between
large mesocarnivores and wild
pig is greatest in the spring and
summer, reflecting herbage
consumption by small
herbivores and wild pig in the
spring and the availability of
soft mast in summer
6. Spatial overlap between
hypercarnivores and wild pig is
greatest in the spring,
reflecting herbage
consumption by small
herbivores and wild pig
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Table 1.2. Hypotheses and predictions for temporal overlap between invasive wild pigs and other
wildlife in the Piedmont region of South Carolina.
Hypothesis
Spatial overlap between a
species and invasive wild pig
is mediated by temporal
partitioning

Supporting Literature
Galetti et al. 2015
Osugi et al. 2019

Temporal overlap between a
species and wild pig varies
seasonally, reflecting changes
in environmental conditions
and resource availability

Predictions
1. A species and wild pig
partition daily activity
temporally where they
spatially overlap
1. Temporal overlap between
a species and wild pig is
greater in seasons with lower
spatial overlap than seasons
with higher spatial overlap
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Table 1.3. Species diet categorization and predicted season(s) of highest spatial overlap with
omnivorous wild pigs.
Diet Categorization

Species

Season(s) of Highest Overlap

Small herbivore

Rabbit

Spring

Large herbivore

White-tailed deer

Fall

Hypercarnivore

Bobcat

Spring

Large mesocarnivore

Coyote

Spring and Summer

Red fox

Spring and Summer

Gray fox

Summer and Fall

Raccoon

Summer and Fall

Striped skunk

Summer and Fall

Virginia opossum

Summer and Fall

Fox squirrel

Fall

Gray squirrel

Fall

Nine-banded armadillo

Fall

Wild turkey

Fall

Small mesocarnivore

Omnivore

28

Table 1.4. Detection and state (occupancy probability or expected abundance) covariates used in
either single-species occupancy models or N-mixture models. Seasonal survey periods were the
first 14 days of February, May, August, and November 2020. Sampling occasions were 24 hours.
Detection
moon

Moon phase (value ranging from 0 to 1)

precip

Daily precipitation (in mm)

temp

Daily high temperature (in °C)

dist

Average distance a camera could detect subjects without obstruction (in m)

human

Human relative activity (detections per 24 hours)

State
veg

Primary vegetation type within a 50 m buffer

under

Average vegetation density

over

Average overstory density

evi

Enhanced Vegetation Index (EVI) within a buffer

burn

Days since last known timber stand burn within a buffer

water

Distance to nearest water feature (in m)

paved

Distance to nearest paved road (in m)

pig

Wild pig relative activity (average detections per sampling occasion)

coy

Coyote relative activity (average detections per sampling occasion)
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Table 1.5. A priori candidate models for evaluating detection probability (p) in either singlespecies occupancy models with occupancy probability (ψ) held constant at 1 or N-mixture
models with expected abundance (λ) held constant at 1. Null model is not shown.
A priori hypothesis

Model

Prediction

Detection is affected by environmental factors
1. Moon phase will affect detection

p = β0 + β1(moon)

β1 > 0

2. Precipitation will affect detection

p = β0 + β1(precip)

β1 < 0

3. Temperature will affect detection

p = β0 + β1(temp)

β1 < 0

4. Human activity will affect detection

p = β0 + β1(human)

β1 < 0

5. Camera detection distance will affect detection

p = β0 + β1(dist)

β1 > 0

Detection is affected by site characteristics
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Table 1.6. A priori candidate models for evaluating either occupancy probability (ψ) in singlespecies occupancy models or expected abundance (λ) in N-mixture models. Detection
covariate(s) were determined by the top detection probability (p) model(s). Pig activity was not
included in the wild pig candidate model set and coyote activity was not included in the coyote
candidate model set. Null and global models are not shown.
A priori hypothesis

Model

Occupancy or abundance is affected by local vegetation characteristics
1. Vegetation type will have an effect

β0 + β1(veg) + p

2. Vegetation and overstory density will have an effect

β0 + β1(under) + β2(over) + p

Occupancy or abundance is affected by landscape characteristics
3. EVI will have an effect

β0 + β1(evi) + p

4. Days since last burn will have an effect

β0 + β1(burn) + p

5. EVI and days since last burn will have an effect

β0 + β1(evi) + β2(burn) + p

6. Distance to nearest water feature will have an effect

β0 + β1(water) + p

7. Distance to nearest paved road will have an effect

β0 + β1(paved) + p

Occupancy or abundance is affected by interspecific interactions
8. Wild pig activity will have an effect

β0 + β1(pig) + p

9. Coyote activity will have an effect

β0 + β1(coy) + p

Occupancy or abundance is affected by local vegetation characteristics, landscape
characteristics, and interspecific interactions
10. Vegetation density, EVI, and wild pig activity will
have an effect

β0 + β1(under) + β2(evi) +
β3(pig) + p

11. Overstory density, days since last burn, and coyote
activity will have an effect

β0 + β1(over) + β2(burn) +
β3(coy) + p

12. Vegetation density, overstory density, distance to
water, distance to paved road, wild pig activity, and coyote
activity will have an effect

β0 + β1(under) + β2(over) +
β3(water) + β4(paved) +
β5(pig) + β6(coy) + p
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Table 1.7. Tabulation of samples available for use in occupancy or N-mixture analysis and
number of unique sites each species was detected at. One sample signifies that the species was
detected at least once at a site in a 24-hour sampling occasion.
Winter
Species

Spring

Summer

Fall

Samples

Sites

Samples

Sites

Samples

Sites

Samples

Sites

Rabbit

187

47

141

33

81

37

135

38

Deer

326

75

426

75

491

83

629

78

Bobcat

93

33

77

32

55

35

60

35

Coyote

134

61

181

59

194

64

169

58

Red fox

1

1

0

0

0

0

3

2

Gray fox

23

13

6

5

7

2

39

25

Raccoon

65

25

46

24

74

33

69

39

Striped skunk

5

5

5

1

0

0

1

1

Opossum

3

3

3

2

3

3

4

3

Fox squirrel

5

4

8

7

1

1

7

3

Gray squirrel

46

14

63

21

49

19

99

21

Armadillo

16

10

50

20

56

29

34

19

Turkey

53

28

148

51

65

28

67

27

Wild pig

16

10

21

12

46

22

40

20
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Table 1.8. The best predictors of detection probability (p) in occupancy models as ranked by
ΔAICc. Estimate signs are shown in parentheses and covariates with significant effects (95%
confidence intervals did not overlap zero) are shown in bold. Occupancy probability (ψ) was
held constant at 1. See Table 1.4 for covariate descriptions.
Species

Winter

Spring

Summer

Fall

Rabbit

precip (–)

dist (–)

dist (–)

temp (–)

Bobcat

human (–)

moon (+)

human (+)

dist (–)
moon (–)

Gray fox

dist (–)
precip (–)

none

none

temp (–)

Raccoon

none

moon (+)
temp (–)

precip (–)

none

Gray squirrel

precip (–)

precip (+)

none

none

Armadillo

none

dist (–)

none

temp (+)

Turkey

dist (+)

none

none

human (–)

Wild pig

moon (+)

dist (+)

none

human (+)
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Table 1.9. The best buffer (in m) in which to estimate the effect of Enhanced Vegetation Index
(EVI) and days since last known timber stand burn on occupancy probability (ψ) as ranked by
AICc weight. Imperfect detection was accounted for with covariate(s) from the top detection
probability (p) model(s).
Winter
Species

Spring

Summer

Fall

EVI

Burn

EVI

Burn

EVI

Burn

EVI

Burn

Rabbit

150

150

250

150

500

250

500

500

Bobcat

500

150

500

500

150

250

150

150

Gray fox

500

150

500

500

150

500

150

500

Raccoon

500

150

250

150

150

500

500

150

Gray squirrel

500

250

500

500

500

250

250

150

Armadillo

250

150

500

500

500

500

500

500

Turkey

500

150

150

150

500

500

250

500

Wild pig

250

150

150

150

150

150

150

150
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Table 1.10. The best predictors of occupancy probability (ψ) as ranked by ΔAICc. Estimate signs
are shown in parentheses and covariates with significant effects (95% confidence intervals did
not overlap zero) are shown in bold. Imperfect detection was accounted for with covariate(s)
from the top detection probability (p) model(s). See Table 1.4 for covariate descriptions.
Species

Winter

Spring

Summer

Fall

Rabbit

under (+)
evi150 (+)
pig (+)

under (+)
over (+)
evi250 (+)
burn150 (+)
pig (–)

over (+)
burn250 (+)
coy (+)

coy (+)

Bobcat

under (+)
evi500 (+)
pig (+)

under (+)
evi500 (+)
pig (+)
coy (+)

under (+)
over (+)
evi150 (+)
burn250 (+)
pig (–)

over (–)
evi150 (+)
burn150 (+)
coy (+)

Gray fox

paved (–)

under (–)
over (+)

non-forested (–)
hardwood (+)
mixed (–)
pine (–)

paved (–)

Raccoon

pig (+)

pig (+)

water (–)

non-forested (–)
hardwood (+)
mixed (+)
pine (+)

Gray squirrel

non-forested (–)
hardwood (+)
mixed (+)
pine (+)

under (–)
over (+)

under (+)
over (+)
burn250 (+)
coy (+)

non-forested (–)
hardwood (+)
mixed (+)
pine (+)
under (+)
over (+)
evi250 (–)
burn150 (+)
water (+)
paved (+)
pig (–)
coy (+)

Armadillo

pig (+)

pig (+)

under (+)
evi500 (+)
burn500 (+)
pig (+)

none
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Turkey

none

none

paved (–)

none

Wild pig

burn150 (+)
water (–)
paved (–)

water (–)

evi150 (–)

none
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Table 1.11. The best predictors of detection probability (p) in N-mixture models as ranked by
ΔAICc. Estimate signs are shown in parentheses and covariates with significant effects (95%
confidence intervals did not overlap zero) are shown in bold. Predicted abundance (λ) was held
constant at 1. See Table 1.4 for covariate descriptions.
Species

Winter

Spring

Summer

Fall

Deer

dist (+)

precip (–)

moon (+)
temp (–)

temp (–)

Coyote

dist (–)
temp (–)

moon (+)

moon (+)

precip (+)
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Table 1.12. The best buffer (in m) in which to estimate the effect of Enhanced Vegetation Index
(EVI) and days since last known timber stand burn on predicted abundance (λ) as ranked by
AICc weight. Imperfect detection was accounted for with covariate(s) from the top detection
probability (p) model(s).
Winter
Species

EVI

Burn

Spring
EVI

Summer

Burn

EVI

Burn

Fall
EVI

Burn

Deer

500

150

500

250

150

500

500

250

Coyote

250

250

150

150

500

500

150

250
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Table 1.13. The best predictors of expected abundance (λ) as ranked by ΔAICc. Estimate signs
are shown in parentheses and covariates with significant effects (95% confidence intervals did
not overlap zero) are shown in bold. Imperfect detection was accounted for with covariate(s)
from the top detection probability (p) model(s). See Table 1.4 for covariate descriptions.
Species

Winter

Spring

Summer

Fall

Deer

under (+)
evi500 (+)
pig (+)

under (+)
over (+)
water (–)
paved (–)
pig (+)
coy (+)

paved (–)

non-forested (+)
hardwood (–)
mixed (–)
pine (–)
under (–)
over (+)
evi500 (+)
burn250 (–)
water (–)
paved (–)
pig (–)
coy (–)

Coyote

non-forested (+)
hardwood (–)
mixed (–)
pine (–)

non-forested (+)
hardwood (–)
mixed (+)
pine (+)
paved (+)

non-forested (+)
hardwood (–)
mixed (–)
pine (–)
under (–)
over (–)
evi500 (+)
burn500 (+)
water (+)
paved (+)
pig (–)

under (+)
over (–)
evi150 (+)
water (–)
paved (+)
pig (–)
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Table 1.14. Ranked a priori candidate models for evaluating predicted site use (λ) by deer in the
winter. Detection probability (p) varied with average camera detection distance. See Table 1.4
for covariate descriptions.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(under) + β2(evi500) + β3(pig) + p

6

-906.11

1825.38

0.00

0.798

β0 + β1(pig) + p

4

-909.87

1828.28

2.90

0.187

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(pig) + β6(coy) + p

9

-906.63

1833.88

8.50

0.011

Global

14

-901.05

1836.66

11.28

0.003

β0 + β1(under) + β2(over) + p

5

-923.16

1857.14

31.76

0.000

Null

3

-926.62

1859.55

34.17

0.000

β0 + β1(evi500) + p

4

-925.60

1859.75

34.37

0.000

β0 + β1(burn150) + p

4

-925.72

1859.98

34.60

0.000

β0 + β1(veg) + p

6

-923.73

1860.64

35.26

0.000

β0 + β1(evi500) + β2(burn150) + p

5

-925.01

1860.85

35.47

0.000

β0 + β1(paved) + p

4

-926.18

1860.91

35.53

0.000

β0 + β1(coy) + p

4

-926.35

1861.24

35.87

0.000

β0 + β1(water) + p

4

-926.61

1861.76

36.38

0.000

β0 + β1(over) + β2(burn150) + β3(coy) + p

6

-925.36

1863.89

38.51

0.000
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Table 1.15. Ranked a priori candidate models for evaluating predicted site use (λ) by deer in the
fall. Detection probability (p) varied with daily high temperature. See Table 1.4 for covariate
descriptions.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(pig) + β6(coy) + p

9

-1554.32

3129.17

0.00

0.62

Global

14

-1547.89

3130.15

0.98

0.38

β0 + β1(under) + β2(evi500) + β3(pig) + p

6

-1567.51

3148.16

18.99

0.00

β0 + β1(under) + β2(over) + p

5

-1571.70

3154.20

25.04

0.00

β0 + β1(water) + p

4

-1573.94

3156.40

27.24

0.00

β0 + β1(over) + β2(burn250) + β3(coy) + p

6

-1571.78

3156.70

27.54

0.00

β0 + β1(evi500) + p

4

-1575.24

3159.00

29.84

0.00

β0 + β1(evi500) + β2(burn250) + p

5

-1574.56

3159.92

30.75

0.00

β0 + β1(veg) + p

6

-1573.68

3160.49

31.32

0.00

β0 + β1(pig) + p

4

-1582.53

3173.59

44.42

0.00

Null

3

-1584.24

3174.80

45.63

0.00

β0 + β1(coy) + p

4

-1583.20

3174.92

45.75

0.00

β0 + β1(paved) + p

4

-1583.41

3175.35

46.18

0.00

β0 + β1(burn250) + p

4

-1583.89

3176.31

47.15

0.00
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Table 1.16. Ranked a priori candidate models for evaluating predicted site use (λ) by coyotes in
the fall. Detection probability (p) varied with daily precipitation. See Table 1.4 for covariate
descriptions.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(pig) + p

8

-531.32

1080.64

0.00

0.373

β0 + β1(under) + β2(evi150) + β3(pig) + p

6

-533.81

1080.76

0.12

0.351

β0 + β1(pig) + p

4

-537.36

1083.24

2.60

0.102

β0 + β1(paved) + p

4

-537.51

1083.56

2.92

0.087

β0 + β1(under) + β2(over) + p

5

-537.86

1086.53

5.89

0.020

β0 + β1(evi150) + p

4

-539.22

1086.97

6.33

0.016

Null

3

-540.34

1086.99

6.35

0.016

Global

13

-527.96

1087.36

6.72

0.013

β0 + β1(water) + p

4

-539.90

1088.32

7.69

0.008

β0 + β1(burn250) + p

4

-540.28

1089.09

8.45

0.005

β0 + β1(evi150) + β2(burn250) + p

5

-539.21

1089.22

8.58

0.005

β0 + β1(over) + β2(burn250) + p

5

-539.64

1090.09

9.45

0.003

β0 + β1(veg) + p

6

-538.98

1091.09

10.45

0.002
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Table 1.17. Coefficient of overlap between wild pigs and other species. 95% confidence intervals
are shown in parentheses.
Species

Winter

Spring

Rabbit

0.81 (0.66 - 0.93)

0.84 (0.70 - 0.95)

0.80 (0.69 - 0.9)

0.89 (0.78 - 0.97)

Deer

0.59 (0.45 - 0.73)

0.81 (0.68 - 0.91)

0.80 (0.71 - 0.88)

0.77 (0.67 - 0.87)

Bobcat

0.71 (0.55 - 0.86)

0.85 (0.70 - 0.97)

0.91 (0.81 - 0.99)

0.81 (0.67 - 0.92)

Coyote

0.91 (0.77 - 1.00)

0.75 (0.60 - 0.88)

0.89 (0.8 - 0.96)

0.90 (0.80 - 0.98)

Gray fox

0.73 (0.54 - 0.90)

0.51 (0.26 - 0.74)

0.79 (0.54 - 0.97)

0.61 (0.46 - 0.74)

Raccoon

0.76 (0.60 - 0.89)

0.71 (0.55 - 0.85)

0.80 (0.80 - 0.96)

0.73 (0.60 - 0.84)

Gray squirrel

0.14 (0.04 - 0.26)

0.33 (0.20 - 0.46)

0.25 (0.15 - 0.36)

0.22 (0.12 - 0.31)

Armadillo

0.77 (0.54 - 0.94)

0.71 (0.54 - 0.86)

0.76 (0.64 - 0.87)

0.68 (0.52 - 0.82)

Turkey

0.10 (0.01 - 0.21)

0.30 (0.17 - 0.43)

0.22 (0.13 - 0.31)

0.21 (0.11 - 0.31)
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Summer

Fall

FIGURES

Figure 1.1. Map of the study area (main property shown in green) and wildlife camera grid
(labeled purple icons). Unpaved access roads and smaller private properties not shown.
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Figure 1.2. Relationship between predicted deer site use (deer per site) and wild pig activity
(average detections per sampling occasion) over 14 days in the winter. Gray lines show the 95%
confidence interval.
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Figure 1.3. Relationship between predicted deer site use (deer per site) and wild pig activity
(average detections per sampling occasion) over 14 days in the fall. Gray lines show the 95%
confidence interval.
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Figure 1.4. Relationship between predicted coyote site use (coyotes per site) and wild pig activity
(average detections per sampling occasion) over 14 days in the fall. Gray lines show the 95%
confidence interval.
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Figure 1.5. Diel activity overlap between deer and wild pigs in (a) winter, (b) spring, (c) summer,
and (d) fall, where gray shading represents the density of overlap between the species. Δ is the
coefficient of overlap, which ranges from 0 (no overlap) to 1 (complete overlap). The 95%
confidence intervals calculated with 10,000 smoothed bootstraps are in parentheses. Dotted
vertical lines show local sunrise and sunset times.
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Figure 1.6. Fall diel activity overlap between coyotes and wild pig, where gray shading
represents the density of overlap between the species. Δ is the coefficient of overlap, which
ranges from 0 (no overlap) to 1 (complete overlap). The 95% confidence interval calculated with
10,000 smoothed bootstraps is in parentheses. Dotted vertical lines show local sunrise and sunset
times.
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CHAPTER TWO
RELATIVE ACTIVITY, TEMPORAL OVERLAP, AND SPACE USE OF LARGE
MAMMALS IN RESPONSE TO SUPPLEMENTAL FEEDING
INTRODUCTION
Supplemental feeding of wild ungulates, a widespread practice in the United States, can
produce both intended benefits and unintended effects. Feed is provided by citizens, hunters, and
wildlife managers alike. Objectives include increasing local population densities or sustaining
populations in periods of lower food availability, diverting wild ungulates from agriculture and
major vehicle corridors, and attracting individuals to specific locations for harvest, viewing, or
capture for research purposes or vaccine administration (Sorensen et al. 2014, Murray et al.
2016). Feed has been shown to enhance wild ungulate reproduction, alter movements, and
influence behavior (Milner et al. 2014). These effects can be beneficial or detrimental, depending
on the scenario. For instance, a feed-induced increase in wild ungulate population density can
undermine the effectiveness of diversionary feeding or increase browse pressure on local
vegetation (Milner et al. 2014). Concentrated food sources can also increase pathogen load in the
environment and inflate contact rates between individuals (Murray et al. 2016), facilitating the
transmission of diseases, such as fatal chronic wasting disease (CWD). Indeed, brucellosis
seroprevalence levels were higher in elk (Cervus canadensis) populations frequenting winter
feed grounds than populations in the Greater Yellowstone Ecosystem (Sorensen et al. 2014,
Cotterill et al. 2018). Further, these feeding grounds changed the migration patterns of elk,
altering the extent to which they can exploit natural forage in its most nutritious phenological
stage (Jones et al. 2014). Feed also attracts nontarget species, such as mesocarnivores and wild
pigs (Sus scrofa), which could impact bird populations through increased predation on ground
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nests (Cooper and Ginnett 2000, Selva et al. 2014, Oja et al. 2015, Sanders et al. 2020, Mori et
al. 2021). Due to the range of its possible effects, there is a need for additional research on
unintended effects of supplemental feeding.
In the United States, supplemental feed is commonly used to influence the movement and
abundance of white-tailed deer (Odocoileus virginianus). However, relatively few studies have
examined white-tailed deer spatiotemporal responses to supplemental feed. Campbell et al.
(2006) did not observe a change in doe home range and core area size in the central
Appalachians, but center of activity was shifted closer to bait. Kilpatrick and Stober (2002)
found that adult does shifted their existing core area or established a new one to encompass bait
placed within their home range, while does with two core areas abandoned the one most distant
from bait. In South Texas, home range size of adult deer remained unaltered with the
introduction of feed, but core area was reduced (Cooper et al. 2006). Wildlife cameras in the
Coastal Plain region of South Carolina revealed a nocturnal versus diurnal visitation rate to bait
of 25:1 (South Carolina Department of Natural Resources 2013), suggesting supplemental feed
can also affect deer temporal activity. Increasing hunting success is a common objective of
supplemental feeding, but such spatiotemporal changes could potentially lower hunting success.
By concentrating prey at point sources on the landscape, supplemental feed could
indirectly alter the activity of predators. Based on optimal foraging theory, predator behavior
should maximize net energetic gains, such as through increased encounter rates with prey
(MacArthur and Pianka 1966). This suggests that predators might intensify their presence around
anthropogenic food subsidies that aggregate target game species and nontarget small mammals
(Boutin 1990, Doonan and Slade 1995). Increased predator presence might not lead to a higher
predation rate, but it could affect ungulate behavior and spatiotemporal activity. Despite potential
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ramifications for prey fitness, few studies have analyzed predator movement in relation to bait.
Notably, separate investigations in Georgia found that bobcats (Lynx rufus) and red-tailed hawks
(Buteo jamaicensis) were both closer than expected by random chance to northern bobwhite
(Colinus virginianus) feeding areas (Godbois et al. 2004, Turner et al. 2008), demonstrating that
supplemental feed can unintentionally induce a spatial response from predators. To our
knowledge, it remains unexplored if shifts in large herbivore spatial activity caused by bait
induce changes in predator spatial activity (but see Woodruff and Jimenez 2019).
Further quantification of predator activity around supplemental feeding sites is imperative
to gaining a deeper understanding of dynamic predator-prey interactions across human-altered
landscapes. Despite the widespread availability of food subsidies in South Carolina, some deer
populations began declining concurrent with the expansion of the coyote (Canis latrans), a novel
addition to the southeastern predator guild (Ruth 2010). One South Carolina study found coyote
predation accounted for up to 80% of all fawn mortalities, making it the most frequent cause of
death for neonates (Kilgo et al. 2012). Potential interplay between coyote predation and
supplemental feed has not been examined, despite shelled corn being accessible to most South
Carolina deer populations. Provided by the majority of Coastal Plain landowners, it is available
for an average of 7.6 months each year (South Carolina Department of Natural Resources 2013).
Baiting was prohibited in the Piedmont region prior to 2013, but current practices are deemed
similar to those in the Coastal Plain (C. Ruth, South Carolina Department of Natural Resources,
pers. comm.). Landowner intentions include increasing individual body condition and population
density, though these benefits could be counteracted if feed intensifies fawn predation. Given the
potential of supplemental feed to concentrate deer, alter their activity, and increase predation
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risk, a greater comprehension of doe and fawn spatiotemporal responses to feed could aid in the
management of deer populations in the southeastern United States.
Supplemental feed intended for native fauna could facilitate the spread of invasive wild
pigs, with implications for interspecific interactions. The importance of supplemental feed to the
diet of wild pigs has not been thoroughly assessed in the United States (Ballari and BarriosGarcía 2014), but it has been documented elsewhere as a major component when mast is scarce
(Dardaillon 1987, Fournier-Chambrillon et al. 1995, Giménez-Anaya et al. 2008, Mikulka et al.
2018). Supplemental maize is intentionally used in some countries to attract wild boar to hunting
grounds or dissuade agricultural crop damage (Schley and Roper 2003, Calenge et al. 2004,
Ballari et al. 2015, Mikulka et al. 2018). These artificial food sources may increase pig
population success, especially during years of low natural food availability (Bieber and Ruf
2005, Geisser and Reyer 2005). Likewise, unintended subsidization of wild pigs outside of their
native range could aid their expansion, with cascading effects on anthropogenic resources and
ecological communities. Because concentrated food can increase species interactions and
aggression (Milner et al. 2014, Theimer et al. 2015), supplemental feed could also cause
interference competition between invasive wild pigs and native wildlife. Dominant species tend
towards higher body mass than subordinate species (Morse 1974, Fisler 1977, French and Smith
2005), suggesting territorial wild pigs (Sparklin et al. 2009, Kilgo et al. 2021) might gain priority
access to deer feed. Species of similar sizes can also display more aggression towards each other
(French and Smith 2005), so interference competition between wild pigs and deer could
negatively affect the latter. Indeed, white-tailed deer on a Florida rangeland fed under oaks with
low mast production, while wild pigs dominated oaks with high production. At sites unshared
with wild pigs, these deer increased diurnal activity and decreased crepuscular activity (Crank
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2016). The spatiotemporal activity of large mammals surrounding feeding sites should be further
examined to aid in the management of both native and invasive ungulates.
The goal of our study was to perform a field experiment assessing the effects of
supplemental feed on large mammal spatiotemporal activity patterns in the Piedmont region of
South Carolina, exploring implications for interspecific interaction. Our three objectives were to
assess if supplemental feed changes the relative activity, temporal overlap, and space use of deer,
wild pigs, and coyotes (Table 2.1). We implemented our study during a time when does, wild
pigs, and coyotes produce and rear offspring in our study area, which could make them more
wary of interactions with competitors and, in the case of does and wild pigs, with their primary
predator. We hypothesized that supplemental feed alters the relative activity patterns of large
mammals, predicting that it draws in deer, wild pigs, and coyotes, by increasing their activity
around feeding sites. Following this, we hypothesized that supplemental feed alters patterns of
temporal overlap between large mammals and predicted that deer adjust their temporal activity
patterns around supplemental feeding sites to decrease overlap with wild pigs. Our third
hypothesis was that supplemental feed alters the space use of large herbivores and increases their
predator exposure by providing opportunities for predators to key in on them. We predicted that
does with a wildlife feeder in their home range shift their core area of use towards feed and have
a smaller core area than those without a wildlife feeder in their home range. We predicted that
coyotes with a wildlife feeder in their home range shift their core area of use towards feed to
increase the probability of encountering fawns, but maintain their core area size in light of
denning and pup rearing (Harrison and Gilbert 1985). Our experimental field study not only
contributes to the body of research on supplemental feeding impacts to wildlife, but fills
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knowledge gaps on the potential for interspecific interactions in a landscape where two
nonnative species could be contributing to the decline of a native species.
METHODS
Study Area
Our study occurred on approximately 6,100 ha of nearly contiguous private land in the
Piedmont of South Carolina (Figure 1.1). This physiographic region is characterized by gently
rolling terrain between the Blue Ridge and Coastal Plain provinces. Elevation on the study area
ranges from approximately 120 to 180 m and average monthly temperature for the area ranges
from 6.2 to 27.2° C, with an annual mean of 16.9° C. The climate is subtropical, receiving an
average of 119.5 cm of annual precipitation. Red clay, followed by sandy loam, are the primary
soil types. Much of the habitat was historically savanna, which was grazed by bison (Bison
bison; McCormick County Chamber of Commerce 2022) and inhabited and likely managed by
Native Americans, potentially including the Yamassee, Cherokee, Yuchi, Shawnee, Chickasaw,
Apalachee, and Westo (Gallay 2002, Cobb and Depratter 2012, Native Land 2022). Savanna
conversion to cotton (Gossypium sp.) and tobacco (Nicotiana tabacum) began in the late 1700s
and these crops were tended by slaves (McCormick County Chamber of Commerce 2022). The
area today mainly consists of loblolly pine (Pinus taeda) in various stages of ecological
succession, with management practices including thinning, clearcutting, and prescribed burning.
Pines are interspersed in areas with hardwoods, especially hickory (Carya spp.), white oak
(Quercus alba), and southern red oak (Q. falcata). Notable soft mast includes persimmon
(Diospyros virginiana), blackberry (Rubus alleghensis), and muscadine (Vitus rotundifolia).
The occurrence of fields for small game species and planted food plots for white-tailed
deer (Odocoileus virginianus) are associated with hunting on the property. Deer archery hunting
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season began mid-September and gun season began approximately mid-October, with both
seasons going through December. Wild turkey (Meleagris gallopavo) hunting also occurred from
the beginning of April through mid-May. Nonnative wild pigs were recorded in McCormick
County before 2005 (South Carolina Wild Hog Task Force) and continue to spread to new areas,
despite over 10 years of control efforts in the county (J. Cumbee, United States Department of
Agriculture Animal and Plant Health Inspection Service, pers. comm.). Wild pigs are
occasionally shot on sight or captured in box traps, with approximately 135 being removed
during our study (D. Bower and T. Burke, Davis Land and Timber, pers. comm.). The coyote
(Canis latrans) is also a relatively novel species, having spread across the state since its arrival in
1978 (Ruth 2010). Other predators in the study area are bobcat (Lynx rufus), red fox (Vulpes
vulpes), and gray fox (Urocyon cinereoargenteus). Smaller mesocarnivores include raccoon
(Procyon lotor), striped skunk (Mephitis mephitis), and Virginia opossum (Didelphis virginiana).
Some other mammals present are rabbits (Sylvilagus spp.), squirrels (Sciurus spp. and
Glaucomys volans), hispid cotton rat (Sigmodon hispidus), and eastern woodrat (Neotoma
floridana). The nine-banded armadillo (Dasypus novemcinctus) has also expanded from its
native range into the study area.
Data Collection
We examined the effects of supplemental feeding on large mammal spatiotemporal
activity during the white-tailed deer fawning season of 2021, from March 30 to July 6, with a
combination of wildlife cameras and GPS collars. We expected wild pig feed use to affect use by
other species, so we deployed wildlife feeders across a gradient of estimated wild pig use with a
stratified random sampling design. We placed five feeders in areas classified as unused, five in
areas with moderate use, and five in areas with high use, estimating the intensity of wild pig use
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based on an existing unbaited array of Bushnell Trophy Cam HD Aggressor No Glow cameras
(Bushnell Corporation, Overland Park, KS) placed every kilometer across the study area (Figure
2.1). These cameras were deployed on unpaved access roads and set to capture one photo every
0.6 seconds until detection ceased. Ninety were active during May and June 2020, but we
censored four sites not accessible by truck and two that were classified as unused but within
1,200 m of at least two sites where wild pigs were detected. Natural breaks in site use intensity
(tally of wild pig photos taken May-June 2020) resulted in 56 unused sites, 17 moderate use
sites, and 11 high use sites, but we moved three unused sites to the moderate use category based
on knowledge of wild pig presence in winter 2021. In the R software environment (R Core Team
2020) we randomly drew 10 sites per intensity category from which to select paired wildlife
feeder locations. GPS collar data was available for 20 coyotes and 23 female deer captured in
concurrent studies from January 2021 through March 2021, so we prioritized placing feeders
near GPS points collected from February 15 to March 15.
In late March we deployed 15 Moultrie 30-Gal Pro Hunter II Tripod self-dispensing
wildlife feeders (Moultrie Feeders, Birmingham, Alabama) 250 to 500 m away from their paired
unbaited camera and within 100 m of an unpaved access road (Figure 2.2). We monitored the
feeders with Bushnell CORE DS No Glow Trail Cameras set to take one photograph upon
detection, with a delay of one minute between triggered events. We allowed a week for
acclimation to inactive wildlife feeders before monitoring them for six weeks, then added shelled
corn immediately after turkey hunting season (April 1-May 10). We kept the default daily feed
times of 07:00 and 18:00 and programmed feeders to dispense approximately three pounds of
corn each time. Most supplemental feed in South Carolina is provided by untimed “gravity”
feeders that replenish corn as it is consumed (C. Ruth, South Carolina Department of Natural
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Resources, pers. comm.), so for the purposes of our controlled field experiment we based our
settings on amounts reported on hunting forums. Feeders were active for two months and
checked weekly to ensure adequate operation and continuous corn supply.
Analyses
Relative Activity
We classified photographs to species and recorded the number of deer and wild pigs in
each one using Timelapse2 (Greenberg 2016). We compiled species detection histories using the
‘camtrapR’ package (Niedballa et al. 2016) with sampling occasions of weekly intervals as we
expected wildlife feeder use to change over the course of the growing and fawning seasons.
Dividing the count of photographs of a species at a given camera site by the sampling effort
(seven active camera nights) yielded a photographic rate, interpreted in this study as the relative
activity of that species at that location. We used the absolute number of photographs because
deer and wild pigs lingered at filled feeders and we were unconcerned with detection probability
due to the size of our study species and proximity of cameras to feeders. In addition to deer and
wild pig relative activity, our covariates included corn availability, human relative activity, and
mean deer and wild pig group size per site per week (Table 2.2). We used generalized linear
mixed models (GLMMs) and model selection (Burnham and Anderson 2002) based on the
Akaike Information Criterion (Akaike 1974) adjusted for small sample sizes (AICc; Hurvich and
Tsai 1989) to assess relative support for potential predictors of large mammal activity (Tables
2.1-2.4). We considered models with ΔAICc < 2 competitive and better supported relative to
models with ΔAICc ≥ 2. We also assessed the significance of covariate effects with 95%
confidence intervals and considered intervals not overlapping zero an indication of statistical
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significance. We conducted analyses in R (R Core Team 2021) with the ‘glmmTMB’ (Brooks et
al. 2017) and ‘MuMIn’ (Bartoń 2020) packages.
Temporal Overlap
We assessed if supplemental feeding changed the temporal activity of large mammals by
comparing diel activity patterns at baited and unbaited sites. We included twice as many
unbaited sites because we expected them to be used less than baited sites. The 30 unbaited sites
included the 15 sites paired with wildlife feeders and another 15 in close proximity to feeders.
Due to the volume of photographs collected, we limited our survey period for this analysis to the
last two weeks of the study (the last week of June and first week of July 2021), when we
assumed feeder use and fawn activity would be greatest. We classified all photographs to species
using Timelapse2 (Greenberg 2016). We further classified deer photos by recording if they
contained a buck, doe, fawn, or combination thereof. We considered photographic detections of
the same species group at a site separated by at least 30 minutes to be independent samples of the
underlying continuous activity of that group. We converted detection event times to radians and
used the kernel density estimation developed by Ridout and Linkie (2009) to compare the diel
activity of bucks, does, fawns, and wild pigs at baited and unbaited sites. We first examined if
temporal activity of a group changed in the presence supplemental feed and then made pairwise
̂4 estimator when
comparisons between groups at unbaited sites and baited sites. We used the Δ
̂1 estimator when at least one
both species in a pairing had greater than 50 detections and the Δ
had less than 50 detections. Measuring the area formed under the curve by taking the minimum
of the two density estimates at every time point yielded the coefficient of overlap (Δ), which
ranges from 0 (no overlap in activity) to 1 (complete overlap in activity). We calculated
confidence intervals for each pairing using 10,000 smoothed bootstraps and considered a lack of
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overlap between confidence intervals an indication of statistical significance. All analyses were
done in R (R Core Team 2021) with the ‘overlap’ package (Meredith and Ridout 2018).
Space Use
We analyzed GPS collar data to assess if the spatial activity of does and coyotes in the
Piedmont region changed with supplemental feeding. We had an unbaited survey period and a
baited survey period, each six weeks long and separated by two weeks to allow for corn
discovery and acclimation by collared animals. We first estimated home ranges and core areas
during the baited period using utilization distributions (UDs), with the 95% UD contour
representing the home range and the 50% UD contour representing the core area of use. We
employed the kernel Brownian bridge method to account for autocorrelation (Bullard 1991,
Horne et al. 2007), especially as doe GPS fixes were taken every half hour. The frequency of
coyote fixes changed over time, so we used fixes taken every seven hours for the first three
weeks of the unbaited survey period and fixes taken every six hours for the remainder of the
study. We incorporated collar error of 20.05 m for does and 22.5 m for coyotes, used a grid size
of 100, and kept the extent at default. We exported home ranges and core areas as shapefiles and
then used the Near tool in ArcGIS Pro 2.9.0 (Esri, Redlands, CA) to measure the shortest
distance from core area edge to a wildlife feeder. We repeated these steps for the unbaited period
if > 1 animal within a species had a wildlife feeder in its home range during the baited period.
We next assessed if home range size and core area size differed between the group
animals with a wildlife feeder in their home range and the group of those without during a survey
period. We used Wilcoxon rank sum tests (α = 0.05) since they compare medians between
groups and are therefore appropriate for nonparametric distributions and unequal sample sizes.
For animals with a wildlife feeder in their home range, we then used Wilcoxon matched-pairs
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signed rank tests (α = 0.05) to assess if median home range size, core area size, and distance
from core area edge to the nearest wildlife feeder differed between the unbaited and baited
survey periods. We conducted analyses in R (R Core Team 2021), using the ‘adehabitatHR’
package (Calenge 2006) to estimate Brownian bridge utilization distributions.
RESULTS
Relative Activity
We collected 98,658 photographs over the 14 weeks that we monitored unfilled and then
active wildlife feeders. We recorded deer in 37,662 of these photographs, wild pigs in 27,880,
and coyotes in 44. The maximum number of deer photographs at a single site in a week was
1,797 and the maximum number of wild pig photographs was 1,335, with considerable
variability in deer and wild pig relative activity across sites (Figure 2.3). Mean deer group size at
sites with deer was 1.34 individuals (SD = 0.28) and maximum group size was seven, whereas
mean wild pig group size at sites with pigs was 2.23 individuals (SD = 1.27) and maximum
group size was 19. We excluded coyotes from analysis due to their very low number of
detections compared to the other two species. Deer and wild pigs both had one model with
ΔAICc < 2, which was the model containing the relative activity of the other species and the
availability of corn (Tables 2.5 and 2.6). Both covariates had statistically significant effects. Deer
and wild pig relative activity each increased once feeders were filled after six weeks, with the
median number of weekly photographs for the baited period being over 100 times greater than
the median for the unbaited period (Figures 2.4 and 2.5). The effect of wild pig relative activity
on deer relative activity was negative (Figure 2.6), as was the effect of deer relative activity on
wild pig relative activity (Figure 2.7). Averaged across the 15 wildlife feeders, baited sites
without wild pigs were predicted to capture over 600 (SE = 140.29) weekly deer photographs.
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Given our cameras had a delay of one minute between photos, this equates to over ten hours of
wildlife feeder use by deer per week. Conversely, baited sites with approximately 10 hours of
wild pig use were predicted to only have thirty minutes (SE = 8.34) of deer use on average per
week. Averaged across the 15 wildlife feeders, baited sites without deer were predicted to
capture approximately 120 (SE = 90.24) wild pig photographs per week, equating to two hours of
wildlife feeder use, whereas approximately 10 hours of deer use was predicted to correspond
with approximately 45 minutes of wild pig use (SE = 33.83).
Temporal Overlap
Baited sites had 1.9 times as many buck detection events as unbaited sites (169 vs. 89),
two times as many doe detection events (435 vs. 217), and 7.48 times as many wild pig detection
events (621 vs. 83). Fawns had 3.47 times as many detection events at unbaited sites than at
baited sites (52 vs. 15). We only detected coyotes at feeders six times during this survey, so we
excluded them from analysis. Temporal activity was similar at unbaited and baited sites for
bucks (Δ = 0.71, 95% CI = 0.61, 0.81; Figure 2.8) and does (Δ = 0.78, 95% CI = 0.72, 0.85;
Figure 2.9), but fawn temporal activity only had moderate overlap between unbaited and baited
sites (Δ = 0.58, 95% CI = 0.37, 0.78; Figure 2.10). Wild pigs had similar temporal activity at
unbaited and baited sites (Δ = 0.77, 95% CI = 0.69, 0.85; Figure 2.11). There were no
statistically significant differences in temporal overlap between unbaited and baited sites for all
species group pairings (Table 2.7, Figures 2.12-2.23). Despite lacking significance, fawns and
wild pigs appeared to have higher temporal overlap at unbaited sites (Δ = 0.61; Figure 2.17) than
at baited sites (Δ = 0.41; Figure 2.23).
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Space Use
We could not reliably estimate home range size for some collared animals using our
predetermined parameters, so we excluded them from further analysis, along with animals that
dispersed well beyond the study area. Of the 20 does we were able to estimate home ranges for
during the baited survey period, only one had an active wildlife feeder in its home range. We
therefore did not perform any tests comparing home range size, core area size, and distance from
core area to the nearest wildlife feeder during the baited period and did not examine the unbaited
period. The median home range size for does during the six weeks with active wildlife feeders
was 45.29 ha (M = 75.55, SD = 76.97), the median core area size was 8.68 ha (M = 9.56, SD =
5.75), and the median distance from core area edge to a wildlife feeder was 647.23 m (M =
711.42, SD = 380.38).
We were able to estimate home ranges for 11 female coyotes and four male coyotes, of
which seven females and three males had at least one wildlife feeder in their home range during
the baited period. During this time, the median home range size of the five coyotes without
wildlife feeder access was 627.14 ha (M = 1,170.50, SD = 898.02) and the median home range
size of the 10 coyotes with at least one feeder in their home range was 3,596.59 ha (M =
5,672.39, SD = 7,385.18). The median core area size of coyotes without feeder access was
123.34 ha (M = 384.06, SD = 459.86) and the median core area size for those with feeder access
was 272.25 ha (M = 725.93, SD = 1,098.85). Median distance from core area to supplemental
feed was 1,626.87 m (M = 2,829.61, SD = 3,072.34) for coyotes without feeder access and
288.59 m (M = 1,273.73, SD = 2,853.24) for coyotes with access. The results of the Wilcoxon
rank sum tests supported our assumption that there is no significant difference in core area size
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amongst coyote groups (P = 0.254), but coyotes with at least one wildlife feeder in their home
range had larger home ranges than coyotes without feeder access (P = 0.04; Figure 2.24).
During the unbaited survey period, the median home range size of the five coyotes
without wildlife feeder access was 1,323.37 ha (M = 3,246.62, SD = 4,370.66) and the median
home range size of the 10 coyotes with at least one feeder in their home range was 4,316.91 ha
(M = 6,282.53, SD = 7,753.51). The median core area size of coyotes without feeder access was
268.23 ha (M = 250.85, SD = 91.49) and the median core area size for those with feeder access
was 566.84 ha (M = 967.20, SD = 990.90). Median distance from core area to a wildlife feeder
was 1,276.45 m (M = 2833.47, SD = 3,804.92) for coyotes without feeder access and 0 m (M =
101.64, SD = 224.98) for coyotes with access, with eight of these having a wildlife feeder in their
core area. The results of the Wilcoxon rank sum tests supported our assumption that there is no
significant difference in home range size (P = 0.77) and core area size (P = 0.254) amongst the
two groups of coyotes. Our prediction that coyotes with wildlife feeder access shift core areas
closer to feeders was unsupported by the Wilcoxon matched-pairs signed rank test (P = 0.08),
with most coyotes actually showing a slight increase in distance to feeder following the addition
of corn (Figure 2.25). We found support for our prediction that coyotes with feeder access
maintain their core area size (P = 0.432; Figure 2.26). Home range size also did not significantly
change with the addition of corn (P = 0.432; Figure 2.27).
DISCUSSION
The relative activity of adult deer and wild pigs increased significantly at wildlife feeder
sites with the addition of corn, showing that supplemental feeding increases the potential for
interactions among wild ungulates in our system. Interference competition may have been
minimal during our study, though, as deer and wild pigs had lower relative activity at feeders
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frequently visited by the other species. Given that wild pigs are territorial (Gabor et al. 1999,
Sparklin et al. 2009, Kilgo et al. 2021) and usually have higher body mass than deer, they were
likely the dominant species at feeders (Morse 1974, Fisler 1977, French and Smith 2005) and
spatially avoided by deer. In contrast to Crank (2016), we observed high diel activity temporal
overlap between adult deer and wild pigs, so spatial partitioning at wildlife feeders may have
been a mechanism for avoiding interspecific competition for feed. Fawn responses to
supplemental feed contrasted with those of adult deer: they were infrequently photographed at
feeders compared to unbaited sites and had lower temporal overlap with wild pigs, potentially
indicating avoidance of them. Given anthropogenic food subsidies can increase wild pig
populations (Bieber and Ruf 2005, Geisser and Reyer 2005), our study showing high wildlife
feeder use by them and adult deer, along with potential avoidance by fawns, calls for additional
research on how supplemental feed affects these ungulates and what direct and indirect impacts
on community dynamics might follow.
As our research unequivocally shows that adult deer in our study area used wildlife
feeders, the lack of feeder use by collared does supports previous research indicating that deer do
not discover supplemental feed outside of their home range (Kilpatrick and Stober 2002). Fawns
were diurnal at unbaited sites, but showed an additional peak in activity a couple hours after the
timed evening feeding at baited sites. This corresponded to a peak in doe activity, suggesting
does occasionally brought fawns to feeders. Alteration of fawn diel activity could predispose
them to predation by primarily nocturnal coyotes, as collared fawns in our study area had higher
mortality risk when a greater proportion of visits from their collared mother occurred at night
(M. Muthersbaugh, Clemson University, pers. comm.). Such data on concurrently collared does
and fawns could provide novel insight into their supplemental feed use in relation to each other
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and whether feed affects fawn survival. Kilgo et al. (2012) found nearly 100% survival for fawns
around 10 weeks of age, so fawn use of supplemental feed might increase as they age and are at
lower risk of predation. Increased feeder visits by older fawns, especially in the evening, could
help coyotes key in on supplemental feed, increasing predation risk for younger fawns bedded in
the vicinity of feeders.
Predator responses to supplemental feeding may be more complex and fluid than prey
responses, as predators should maximize energy gained from prey and minimize energy spent
searching for prey, according to optimal foraging theory (MacArthur and Pianka 1966, Ward et
al. 2018). It is more optimal for coyotes to prey on fawns than healthy adult deer, so low fawn
visitation to wildlife feeders during our study may not have conferred a strong enough predation
benefit to increase coyote relative activity at feeders. Collared coyotes with a wildlife feeder in
their home range also did not shift their core area of use closer to supplemental feed, perhaps
because of disturbance from increased wild pig activity around feeders. While coyotes with an
active wildlife feeder in their home range had larger home ranges than those without feeder
access, this was likely an artifact of larger home ranges having higher odds of encompassing
feeders. Although we did not detect a spatial response by coyotes to supplemental feed during
our relatively short study, concentrated site use by prey, whether deer or small mammals, could
still benefit coyotes with feeder access if it increases the odds of encountering prey or provides
opportunities for tracking does from feeders back to fawns. Future research could examine
coyote responses to supplemental feed on finer spatiotemporal scales and later in the summer,
when more fawns are alive and active. Individual coyote responses and other factors, such as
habitat composition and resource availability, should also be taken into consideration.
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We conducted our research during a time of biological significance to deer, wild pigs,
and coyotes, as all three species are rearing young and we therefore expected them to be more
sensitive to competitive and predatory interactions. Most collared coyotes had their pups in the
first week of April (A. Jensen, Clemson University, pers. comm.), most collared does gave birth
around mid-May (M. Muthersbaugh, Clemson University, pers. comm.), and the majority of
piglets were likely born late winter through summer (Baber and Coblentz 1986, Taylor et al.
1998). Wild pig sows consistently brought piglets to feeders, where they lingered and were
photographed nursing multiple times, whereas does rarely brought fawns to feeders and were
only photographed nursing once (Figure 2.28). A strength of our study is its stratified random
sampling design that ensured examination of deer activity over a gradient of wild pig activity,
with results showing potential temporal avoidance of wild pigs by fawns and spatial partitioning
between adult deer and wild pigs at baited sites. Grasses, forbs, and browse were likely abundant
during our study, enabling adult deer to spatially avoid wild pigs, but ungulate overlap at baited
sites might differ in the fall and winter, when competition may be greatest due to limited and
patchy resources (Yarrow 1987, Elston and Hewitt 2010). Predictability of supplemental feed
over a longer period of time could also affect prey and predators in ways we did not observe in
our relatively short study, so further research on the amount, method, timing, and duration of
feeding is warranted. Field experiments like ours that manipulate food availability can provide
insights into wildlife interactions that are difficult to gain with correlational studies alone.
Our findings underscore the importance of assessing the complex direct and indirect
effects of supplemental feeding on both prey and predator species, as the spatiotemporal ungulate
activity responses we observed could scale up to impact community dynamics. While our
wildlife feeders increased large herbivore relative activity, meeting a common objective of

67

supplemental feeding, they also concentrated wild pigs, raccoons, squirrels, and birds. Studies
have shown that ground-nesting birds can be negatively impacted by raccoons (Cooper and
Ginnett 2000) and wild pigs (Oja et al. 2015, Sanders et al. 2020) drawn in by supplemental feed,
and herpetofauna in the vicinity of feed are also likely vulnerable to predation and habitat
destruction by wild pigs (McDonough et al. 2022). Native ungulates could be displaced by wild
pigs from areas surrounding supplemental feed, reducing their local density and potentially
lowering hunting success. If predators key in on anthropogenic food subsidies available for
extended periods of time, this could increase neonate predation risk in areas surrounding feed,
outweighing any benefits to native ungulates. Concentrated animal use of an area also increases
the potential for both intraspecific and interspecific disease transmission (Murray et al. 2016);
the environment can be a CWD reservoir for years (Smith et al. 2011, Escobar et al. 2020), so
even brief supplemental feeding may have lasting impacts in areas where it occurs. Our results
suggest that the benefits of supplemental feeding could be outweighed by its drawbacks over
time, as it has the potential to increase species interactions and facilitate the spread of invasive
wild pigs across the United States.
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TABLES
Table 2.1. Hypotheses and predictions for large mammal relative activity, temporal overlap, and
space use in relation to supplemental feeding.
Hypothesis
Supplemental feed alters the
relative activity patterns of
large mammals

Supporting Literature
Milner et al. 2014

Predictions
1. Supplemental feed draws
in deer, increasing their
activity around feeding sites
2. Supplemental feed draws
in wild pigs, increasing their
activity around feeding sites
3. Supplemental feed draws
in coyotes, increasing their
activity around feeding sites

Supplemental feed alters
patterns of temporal overlap
between large mammals

1. Deer adjust their temporal
activity patterns around
supplemental feeding sites to
decrease temporal overlap
with invasive wild pigs

Keever 2014
Crank 2016

2. Coyotes adjust their
temporal activity patterns
around supplemental feeding
sites to increase temporal
overlap with deer
Supplemental feed alters the
space use of large herbivores
and increases their predator
exposure by providing
opportunities for predators to
key in on prey

Kilpatrick and Stober 2002
Campbell et al. 2006
Cooper et al. 2006
Milner et al. 2014
Harrison and Gilbert 1985
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1. Does with a wildlife feeder
in their home range shift their
core area of use towards feed
and have a smaller core area
than does without a feeder in
their home range
2. Coyotes with a wildlife
feeder in their home range
shift their core area of use
towards feed, but maintain
their core area size

Table 2.2. Descriptions of variables used in generalized linear mixed models (GLMMs)
evaluating the effects of interspecific site use and supplemental feed availability on the relative
activity of large mammals at wildlife feeders.
Variable

Type

Description

human

Numerical

Human relative activity (detections per week)

deer

Numerical

Deer relative activity (detections per week)

pig

Numerical

Wild pig relative activity (detections per week)

dg

Numerical

Mean deer group size per week

pg

Numerical

Mean wild pig group size per week

corn

Factor

Corn treatment: unavailable or available

site

Factor

Feeder site (1-15)
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Table 2.3. A priori candidate models for evaluating the relative activity of deer at wildlife
feeders. Feeder site was included as a random effect in all models except the null (not shown).
A priori hypothesis

Model

Prediction

Deer activity is affected by interspecific interactions
1. Human activity affects deer activity

β0 + β1(human)

β1 < 0

2. The interaction between wild pig activity and
wild pig group size affects deer activity

β0 + β1(pig)*β2(pg)

β1 < 0, β2 < 0

β0 + β1(corn)

β1 > 0

Deer activity is affected by resource availability
3. Supplemental feed affects deer activity

Deer activity is affected by interspecific interactions and resource availability
4. Wild pig activity and supplemental feed affect
deer activity

β0 + β1(pig) + β2(corn)

5. Human activity, wild pig activity, wild pig
group size, and supplemental feed affect deer
activity

β0 + β1(human) +
β1 < 0, β2 < 0,
β2(pig) + β3(pg) + β4(corn) β3 < 0, β4 > 0
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β1 < 0, β2 > 0

Table 2.4. A priori candidate models for evaluating the relative activity of wild pigs at wildlife
feeders. Feeder site was included as a random effect in all models except the null (not shown).
A priori hypothesis

Model

Prediction

Wild pig activity is affected by interspecific interactions
1. Human activity affects wild pig activity

β0 + β1(human)

β1 < 0

2. The interaction between deer activity and deer
group size affects deer activity

β0 + β1(deer)*β2(dg)

β1 < 0, β2 < 0

Wild pig activity is affected by resource availability
3. Supplemental feed affects wild pig activity

β0 + β1(corn)

β1 > 0

Wild pig activity is affected by interspecific interactions and resource availability
4. Deer activity and supplemental feed affect
wild pig activity

β0 + β1(deer) + β2(corn)

β1 < 0, β2 > 0

5. Human activity, deer activity, deer group size,
and supplemental feed affect wild pig activity

β1(human) + β2(deer) +
β3(dg) + β4(corn)

β1 < 0, β2 < 0,
β3 < 0, β4 > 0
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Table 2.5. Ranked a priori candidate models for evaluating the effects of interspecific site use
and supplemental feed availability on deer relative activity.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(pig) + β2(corn)

5

-847.62

1705.55

0.00

0.80

β0 + β1(human) + β2(pig) + β3(pg) + β4(corn)

7

-846.85

1708.27

2.72

0.20

β0 + β1(corn)

4

-873.12

1754.44

48.90

0.00

β0 + β1(human)

4

-970.33

1948.86

243.31

0.00

Null

2

-972.87

1949.80

244.25

0.00

β0 + β1(pig)*β2(pg)

6

-969.26

1950.94

245.39

0.00
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Table 2.6. Ranked a priori candidate models for evaluating the effects of interspecific site use
and supplemental feed availability on wild pig relative activity.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(deer) + β2(corn)

5

-675.12

1360.54

0.00

0.67

β0 + β1(human) + β2(deer) + β3(dg) + β4(corn)

7

-674.22

1363.00

2.46

0.20

β0 + β1(corn)

4

-677.84

1363.87

3.33

0.13

β0 + β1(deer)*β2(dg)

6

-751.77

1515.96

155.42

0.00

β0 + β1(human)

4

-756.82

1521.83

161.29

0.00

Null

2

-760.67

1525.40

164.86

0.00
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Table 2.7. Coefficients of overlap between bucks, does, fawns, and wild pigs. 95% confidence
intervals are shown in parentheses. Coefficients for unbaited sites are above the diagonal and
coefficients for baited sites are below the diagonal.
Group

Buck

Doe

Fawn

Wild pig

Buck

x

0.80 (0.71 - 0.88)

0.48 (0.36 - 0.61)

0.73 (0.62 - 0.83)

Doe

0.75 (0.69 - 0.79)

x

0.61 (0.49 - 0.73)

0.85 (0.76 - 0.92)

Fawn

0.40 (0.25 - 0.54)

0.59 (0.43 - 0.74)

x

0.61 (0.48 - 0.74)

Wild pig

0.76 (0.70 - 0.82)

0.80 (0.75 - 0.85)

0.41 (0.28 - 0.55)

x
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FIGURES

Figure 2.1. Map of the study area (main property shown in green) and wildlife camera grid
(labeled purple icons). Unpaved access roads and smaller private properties not shown.
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Figure 2.2. Wildlife feeder placement in relation to unbaited wildlife cameras. Feeders are shown
as blue stars and labeled with the number corresponding to their paired unbaited camera. Yellow
polygons demarcate tract boundaries.
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Figure 2.3. Deer relative activity at each wildlife feeder site (top) and wild pig relative activity at
each wildlife feeder site (bottom).
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Figure 2.4. The relationship between deer relative activity and corn availability.
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Figure 2.5. The relationship between wild pig relative activity and corn availability.
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Figure 2.6. Predicted effect of wild pig relative activity on deer relative activity in the presence
of supplemental feed. Gray lines show the 95% confidence interval.
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Figure 2.7. Predicted effect of deer relative activity on wild pig relative activity in the presence
of supplemental feed. Gray line shows the upper 95% confidence interval – the lower confidence
interval is too large to display.

89

Figure 2.8. Overlap in diel activity between bucks at unbaited sites and baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.

90

Figure 2.9. Overlap in diel activity between does at unbaited sites and baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.10. Overlap in diel activity between fawns at unbaited sites and baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.11. Overlap in diel activity between wild pigs at unbaited sites and baited sites, where
gray shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from
0 to 1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in
parentheses. Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.12. Overlap in diel activity between bucks and does at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.13. Overlap in diel activity between bucks and fawns at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.14. Overlap in diel activity between bucks and wild pigs at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.15. Overlap in diel activity between does and fawns at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.16. Overlap in diel activity between does and wild pigs at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.17. Overlap in diel activity between fawns and wild pigs at unbaited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.18. Overlap in diel activity between bucks and does at baited sites, where gray shading
represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to 1. The
95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses. Dotted
vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.19. Overlap in diel activity between bucks and fawns at baited sites, where gray shading
represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to 1. The
95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses. Dotted
vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.20. Overlap in diel activity between bucks and wild pigs at baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.21. Overlap in diel activity between does and fawns at baited sites, where gray shading
represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to 1. The
95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses. Dotted
vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.22. Overlap in diel activity between does and wild pigs at baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.23. Overlap in diel activity between fawns and wild pigs at baited sites, where gray
shading represents the density of overlap. Δ is the coefficient of overlap, which ranges from 0 to
1. The 95% confidence interval calculated with 10,000 smoothed bootstraps is in parentheses.
Dotted vertical lines show when shelled corn was dispensed from wildlife feeders.
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Figure 2.24. Median home range size (ha) over six weeks of 10 coyotes with an active wildlife
feeder in their home range (Feeder) and five coyotes without an active wildlife feeder in their
home range (No Feeder).
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Figure 2.25. Median distance from core area to nearest wildlife feeder (m) for 10 coyotes over
six weeks of active wildlife feeders (Baited) and six weeks of unfilled wildlife feeders
(Unbaited).
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Figure 2.26. Median core area size (ha) of 10 coyotes over six weeks of active wildlife feeders
(Baited) and six weeks of unfilled wildlife feeders (Unbaited).

108

Figure 2.27. Median home range size (ha) of 10 coyotes over six weeks of active wildlife feeders
(Baited) and six weeks of unfilled wildlife feeders (Unbaited).
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Figure 2.28. Wild pig sows and piglets at active wildlife feeders (top left and bottom left); doe
and fawn at an unfilled wildlife feeder (top right) and active wildlife feeder (bottom right).
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Appendix A
Background on Invasive Wild Pigs
Biological invasions are a burgeoning concern due to the suite of impacts they can have
on ecosystems, communities, and individual species. Primarily driven by both intentional and
unintentional human movement (Vitousek et al. 1997), biological invasions are broadly defined
as the arrival of species at geographic locations where they did not previously exist (Carlton
1979). Ways nonnative animals can benefit native ones include food provisioning, favorable
ecosystem alteration, or indirect facilitation, such as predatory or competitive release (Rodriguez
2006). More commonly, introduced wildlife species consume native ones, compete for resources,
detrimentally alter ecosystems, transmit parasites and diseases, and influence genetic diversity,
amongst other consequences. Those with the largest impacts, whether positive or negative, are
often ecosystem engineers (Crooks 2002). Historically considered capable of manipulating the
availability of resources by causing physical changes in abiotic or biotic factors (Jones et al.
1997), the definition of ecosystem engineer has been expanded to include changes to the physical
structure of ecosystems (Crooks 2002, Simberloff 2011).
The wild pig (Sus scrofa) is one example of an ecosystem engineer across the extent of its
current range. In particular, where they are invasive, wild pigs can alter abiotic, biotic, and
structural components of ecosystems (VerCauteren et al. 2020). Originating in northern Africa
and Eurasia, wild pigs were first domesticated in the Near East between 8500 and 8000 BC, after
which they were brought to Europe. Around 4500 BC, farmers in northern Europe began mixing
wild boar with their swine herds (Caliebe et al. 2017). Through escapements of domestic pigs
and importations of Eurasian wild boars for recreational hunting, wild pigs now occupy every
continent except Antarctica (Long 2003). Primarily referred to as “wild boar” in their native
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range, discrepancies in common names arise elsewhere due to the complicated nature of their
taxonomy. In the United States, nonnative pigs are typically hybrids of introduced wild boars and
escaped domestic pigs that have reverted back to a wild state in which populations reproduce
outside of domestication. Responding to the need for a standardized common name, scientists
propose referring to these suids as “nonnative wild pigs” or “invasive wild pigs” in their
introduced range, unless the genetic purity of their source population is known (Keiter et al.
2016). Consistency is especially critical for disseminating research on the impacts of invasive
wild pigs to aid in their management.
It is not through human intervention alone that wild pigs have achieved one of the largest
geographical distributions of mammals (Oliver and Brisbin 1993, Lewis et al. 2017). Their
reproductive potential, generalist diet, and unique feeding and social behaviors all aid their
expansion into novel ecosystems. Relatively few studies have focused on wild pig reproduction
in their introduced range (Keiter and Beasley 2017), but a study of wild boar in Italy found that
the presence of domestic pig genetics elevated reproductive rates in wild populations (Fulgione
et al. 2016). With a considerably higher reproductive rate than all other ungulates, female pigs,
called sows, can produce two litters a year each containing up to 10 piglets (Bevins et al. 2014).
Mean litter size in North America, as estimated from 27 studies that were primarily conducted
before 2000, is 5.3 piglets (VerCauteren et al. 2020).
While breeding and farrowing, the act of sows giving birth in nests, can occur during any
season, piglets are typically born winter through summer (Baber and Coblentz 1986, Taylor et al.
1998). Seasonal variation in weather can influence piglet survival, although the effects vary
geographically. Piglet survival was negatively impacted by low temperatures and frost in Europe
(Geisser and Reyer 2005), although mortality rates on Santa Catalina Island, off the coast of
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California, appeared to be higher for piglets born in the summer. Piglet mortality estimates in the
United States range from 36% in Tennessee to 58% on Santa Catalina Island (Baber and
Coblentz 1986). Adult wild pigs lack natural predators throughout most of their introduced
range, which furthers their invasion success (Barrios-García and Ballari 2012). Sows and their
young form stable social groups, called sounders, that share a common home range in which they
often form subgroups (Gabor et al. 1999). Studies have shown that home ranges barely overlap
between sounders, implying females are territorial at the sounder level, but not within their group
(Gabor et al. 1999, Sparklin et al. 2009). This division of space between sounders can pose
challenges to wild pig control and removal efforts.
Wild pigs can provide cultural, recreational, and ecological benefits. In Hawaii, invasive
wild pigs are an integral part of hunting culture, as motivated by subsistence, ceremonial, and
recreational traditions (Maly et al. 2007, Pejchar and Mooney 2009). In the continental United
States, humans increase sport hunting opportunities by capturing and transporting wild pigs to
new areas. This often-illegal activity aids the range expansion of this invasive species (Tabak et
al. 2017, Beasley et al. 2018). Apart from goods and services provided to humans, several studies
have shown that wild pigs may also provide ecological services. In southwest Florida, they have
been documented as a food source for the endangered Florida panther (Puma concolor coryi;
Maehr et al. 1990). Elsewhere in the United States, rooting by wild pigs has been suggested as a
substitute for natural disturbance. Rooting could create habitat for native species (Kotanen 1995),
increase the number of early successional plants (Everitt and Alaniz 1980), and increase plant
microhabitat diversity in wetlands (Arrington et al. 1999). However, the majority of studies in
the introduced range of wild pigs highlight the detrimental effects of this ecosystem engineer.
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Invasive wild pig populations are difficult to manage and often cause substantial damage
to anthropogenic resources and natural communities (Keiter and Beasley 2017). Based on
historical and current population estimates, their abundance in the United States increased from
approximately 2.4 million individuals in 1982 to 6.9 million in 2016. It is further estimated that
their population could reach approximately 21.4 million if occupying all available habitat (Lewis
et al. 2019). Wild pigs tend to occupy areas with vegetative cover for thermoregulation and
protection, proximity to water for wallowing (Baber and Coblentz 1986), and accessibility to
pulsed resources and crops (VerCauteren et al. 2020). Up to 57% of all farms and 77% of all
agricultural animals occur in counties containing wild pigs, giving great cause for concern over
potential disease transmission between them, domestic animals, and humans (Miller et al. 2017).
Economic costs of crop loss, property damage, and wild pig control are difficult to
quantify, but Pimental (2007) estimated costs in the United States to be over 1.5 billion and
Anderson et al. (2016) estimated costs associated with six common crops in 10 states to be
around $190 million in 2014 alone. To estimate costs in South Carolina, Rodriguez (2016)
surveyed farmers and other members of the S.C. Farm Bureau on their perceptions of wild pig
damage. Based on nearly 750 responses, wild pig damage to crops, timber, and livestock in the
state was estimated to cost $44 million. Damage to landscaping, wildlife food plots, streams,
wetlands, ponds, equipment, vehicles, unpaved roads, and fire lanes was estimated to cost an
additional $71 million (Rodriguez 2016). In addition to direct crop consumption, surficial soil
damage caused by wild pig rooting can interfere with farm equipment operation. For example, an
experimental study of pecan (Carya illinoinensis) harvest efficiency in Oklahoma attributed 34%
of pecan loss to wild pig rooting (Boyer et al. 2020). This feeding behavior also indirectly and
directly impacts other species and the environment.
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Intensive rooting for underground plant parts and other food items can impact ecosystem
structure and function (Hone 2002, Barrios-García and Ballari 2012, Boughton and Boughton
2014). With some exceptions, wild pig rooting in the continental United States has modified
natural communities by reducing vegetative cover (Bratton 1974), decreasing native plant
regeneration and diversity (Sweitzer and Van Vuren 2002), and altering soil characteristics and
nutrient cycles (Howe and Bratton 1976, Singer et al. 1984). Wild pigs also consume insects,
reptiles, and small mammals while rooting, degrading habitat and reducing resources for other
species in the process. For example, at Eglin Air Force Base in Florida, extensive wild pig
damage was found in 55% of 11 sites occupied by the reticulated flatwoods salamander
(Ambystoma bishopi), a federally endangered species dependent on complex herbaceous
vegetation (Jones et al. 2018). McClure et al. (2018) demonstrate that the geographic range of
invasive wild pigs overlaps with up to 87.2% of all imperiled species in the contiguous United
States; they are estimated to overlap with 57 imperiled species in the Southeast alone, with a
mean range overlap of 84.7%. Even where invasive wild pigs do not overlap with imperiled
species, they could negatively impact local populations of common species. Identification of
invasive wild pig impacts on native wildlife at various geographical scales is an overlooked
but important step in prioritizing management. Prior wild pig studies in South Carolina
primarily centered on aspects of their biology and ecology, such as seasonal variation in diet
(Wood and Roark 1980) and space use (Kurz and Marchinton 1972, Wood and Brenneman
1980, Friebel and Jodice 2009). Few studies in South Carolina and, to our knowledge, no
studies in the Piedmont of the eastern United States, have focused on interspecific interactions
between wild pigs and other wildlife.
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Appendix B
Seasonal Occupancy Model Ranking for Wild Pigs
Table B1. Ranked a priori candidate models for evaluating the probability of site use (ψ) by wild
pigs in the winter. Detection probability (p) varied with moon phase.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(water) + p

4

-73.17

154.87

0.00

0.217

β0 + β1(paved) + p

4

-73.55

155.64

0.77

0.148

β0 + β1(burn150) + p

4

-73.58

155.69

0.82

0.144

Null

3

-74.87

156.07

1.20

0.119

β0 + β1(coy) + p

4

-73.97

156.48

1.61

0.097

β0 + β1(evi250) + β2(burn150) + p

5

-73.25

157.33

2.46

0.063

β0 + β1(under) + β2(over) + p

5

-73.38

157.57

2.70

0.056

β0 + β1(over) + β2(burn150) + β3(coy) + p

6

-72.46

158.10

3.22

0.043

β0 + β1(evi250) + p

4

-74.79

158.12

3.25

0.043

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(pig) + β6(coy) + p

8

-70.36

158.78

3.90

0.031

β0 + β1(under) + β2(evi250) + β3(pig) + p

5

-74.05

158.93

4.05

0.029

β0 + β1(veg) + p

6

-73.88

160.92

6.05

0.011

Global

13

-68.15

167.90

13.03

0.000
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Table B2. Ranked a priori candidate models for evaluating the probability of site use (ψ) by wild
pigs in the spring. Detection probability (p) varied with average camera detection distance.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(water) + p

4

-89.32

187.18

0.00

0.195

Null

3

-90.45

187.22

0.04

0.192

β0 + β1(under) + β2(over) + p

5

-88.53

187.88

0.70

0.138

β0 + β1(burn150) + p

4

-90.05

188.65

1.47

0.094

β0 + β1(under) + β2(evi150) + p

5

-89.03

188.89

1.70

0.083

β0 + β1(paved) + p

4

-90.32

189.19

2.01

0.072

β0 + β1(evi150) + p

4

-90.40

189.35

2.16

0.066

β0 + β1(coy) + p

4

-90.41

189.37

2.19

0.065

β0 + β1(veg) + p

6

-88.83

190.85

3.66

0.031

β0 + β1(evi150) + β2(burn150) + p

5

-90.05

190.93

3.75

0.030

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(coy) + p

8

-86.79

191.66

4.47

0.021

β0 + β1(over) + β2(burn150) + β3(coy) + p

6

-89.78

192.74

5.56

0.012

Global

13

-84.13

199.96

12.77

0.000
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Table B3. Ranked a priori candidate models for evaluating the probability of site use (ψ) by wild
pigs in the summer. Detection probability (p) was held constant at 1.
Model

df

logLik

AICc

ΔAICc

wi

β0 + β1(evi150) + p

3

-173.50

353.28

0.00

0.239

Null

2

-174.98

354.10

0.82

0.158

β0 + β1(paved) + p

3

-174.15

354.59

1.31

0.124

β0 + β1(under) + β2(evi150) + p

4

-173.37

355.22

1.95

0.090

β0 + β1(coy) + p

3

-174.52

355.33

2.05

0.086

β0 + β1(evi150) + β2(burn150) + p

4

-173.44

355.37

2.09

0.084

β0 + β1(burn150) + p

3

-174.63

355.55

2.27

0.077

β0 + β1(water) + p

3

-174.89

356.07

2.79

0.059

β0 + β1(veg) + p

5

-172.90

356.53

3.25

0.047

β0 + β1(under) + β2(over) + p

4

-174.91

358.30

5.03

0.019

β0 + β1(over) + β2(burn150) + β3(coy) + p

5

-174.25

359.23

5.95

0.012

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(coy) + p

7

-172.96

361.32

8.04

0.004

β0 + β1(evi) + p

3

-173.50

353.28

0.00

0.239
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Table B4. Ranked a priori candidate models for evaluating the probability of site use (ψ) by wild
pigs in the fall. Detection probability (p) varied with human relative activity.
Model

df

logLik

AICc

ΔAICc

wi

Null

3

-153.19

312.69

0.00

0.252

β0 + β1(evi150) + p

4

-152.64

313.82

1.13

0.144

β0 + β1(coy) + p

4

-152.65

313.83

1.14

0.143

β0 + β1(water) + p

4

-152.89

314.30

1.61

0.113

β0 + β1(paved) + p

4

-153.08

314.68

1.99

0.093

β0 + β1(burn150) + p

4

-153.12

314.77

2.09

0.089

β0 + β1(evi150) + β2(burn150) + p

5

-152.52

315.83

3.15

0.052

β0 + β1(under) + β2(evi150) + p

5

-152.52

315.84

3.15

0.052

β0 + β1(under) + β2(over) + p

5

-152.99

316.78

4.09

0.033

β0 + β1(over) + β2(burn150) + β3(coy) + p

6

-152.56

318.25

5.56

0.016

β0 + β1(veg) + p

6

-153.02

319.17

6.49

0.010

β0 + β1(under) + β2(over) + β3(water) +
β4(paved) + β5(coy) + p

8

-151.77

321.55

8.86

0.003

Global

13

-150.54

332.50

19.81

0.000
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